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ABSTRACT 
Man has always been exposed to metals through natural 
concentration in soil, water and food. Some metal concentration is persistently 
present in different parts of the body. Metals are inextricably bound to many 
facets of modern human existence. 
Neurotoxicity has been found to be a cardinal symptom of metal 
poisoning in vanous studies on metal. A number of metals have been shown to 
be present in the brain and other parts of central nervous system. Metals play 
significant role in the modulation of brain function and behavior. They act as 
integral part of a number of chemical substances present in the brain. 
The human environment is exposed to constant contamination of 
high concentration of lead which has been recognized as a principle 
toxicological factor to the central nervous system (CNS). Lead poisoning may 
cause loss of memory in adult humans. 
Selenium is an important component of selenium dependent 
enzyme glutathione peroxidase (GSHPx). Selenium has been shown to reduce 
the toxicity's of vanous heavy metals noticeably cadmium and mercury. 
Selenium has been even reported to protect against neurotoxic effects of 
vanadium, silver and thallium. The protective effect of selenium is due to its 
antioxidative properties. 
Pro-oxidative agents like lead can stimulate reactive oxygen 
species formation or enhance lipid peroxidation. Thus lead toxicity is expected 
to lead to an excess of the highly reactive oxygen free radicals. Free radicals 
are highly reactive species which owe their unusual chemical reactivity to the 
presence of an unpaired electron in the outer orbital of the respective atom or 
molecule. The central role of free radical mediated cellular injury in various 
toxicological processes is now well established. 
Mammalian brain contains large amounts of substrates that are 
susceptible to free radical attack. It is one of the most lipid rich regions of the 
body. Lipid peroxidation is an important lipid chain degradation process. 
Neurotransmitters, proteins and nucleic acids also form important constituents 
of the central nervous system. The defense mechanism that function in vivo to 
limit or prevent free radical peroxidation damage include a number of enzyme 
systems and cofactors. Sulfhydryl groups (-SH), glutathione peroxidase 
(GSHPx) .superoxide dismutase (SOD) and catalase are related to the 
detoxification process against the toxicants. 
Changes in biochemical mechanisms and amine concentration in 
] the central nervous system are manifested in the form of varying disorders and 
i 
! abnormalities in behavior. Keeping in view (loc. cit.) the antioxidative property 
i 
I of selenium and prooxidative property of lead, the present study was 
I conducted on the individual effects of lead and selenium intoxication in 
different regions of rat CNS. The protective effects of selenium as antioxidant 
on lead induced toxic effects were also investigated. 
Albino rats were administered lead (8mg./kg b.wt) and selenium 
(0.7mg/kg b.wt) i.p. for 7 days. On the 8th day fasted rats were killed by 
decapitation. The brain was dissected into cerebrum, cerebellum, brain stem 
and spinal cord as described by McEwen and Praff (1976). 
Lipids were extracted from brain areas by the method of Folch 
et.al., (1951). Total lipids, cholesterol, phospholipids and gangliosides were 
estimated by the known method of Woodman and Price (1972), Zlatis et. al., 
(1954), Marinetti (1962) and Pollet et. al., (1978) respectively. Nucleic acids 
were extracted from different regions of the brain following the method of 
Searchy and Macinnis (1970). DNA and RNA were estimated by the 
methods of Burton (1956) and Dische (1955). Proteins were estimated 
following the method of Lowry et. al., (1951). Rate of lipid peroxidation was 
determined by the method of Utiey et. al., (1967). Sulfhydryl groups were 
estimated by the method of Sedlack and Lindsay (1968). Enzymatic activities 
of SOD, GR, CAT, GSHPx and GSSG were estimated following the methods 
of Marklund and Marklund (1974), Hazelton and Lang (1985), Aebi and 
Sutter (1974), Lawrence and Burk (1976) and Folbergrova et. al., (1979) 
respectively. Enzymes AChE and MAO were estimated by the methods of 
Ellman et. al., (1961) and Tabor et. al., (1953) respectively . Monoamines 
( DA, NE , 5HT) estimated by the method described by Welch and Welch 
(1959). Significant findings of the present study are summarized as follows :-
1) Total lipids, cholesterol, phospholipids and gangliosides contents were 
found to be decreased following lead (8 mg/kg. b. wt.) intoxication while 
there contents were found to be increased following selenium (0.7 
mg/kg.b.v\n.) intoxication in the rat CNS. When selenium was 
[ administered with lead the different lipid contents were found to be 
elevated in the rat CNS. 
2) Rate of lipid peroxidation was observed to increases significantly 
in different regions of rat brain and spinal cord following lead 
(8mg/kg.b.wt)intoxication while it was observed to decrease significantly 
when selenium(0.7mg/kg.b.wt.) was injected. Rate of lipid peroxidation 
was observed to decrease when selenium and lead were injected in 
combination . 
3) Superoxide dismutase activity was found to be decreased when lead 
(8mg/kg.b.wt.) was injected ,while it was obsen/ed to be increased 
following selenium (0.7mg/kg.b.wt.) intoxication. When selenium and 
lead were injected in combination .superoxide dismutase activity was 
found to increase significantly in different regions of rat CNS. 
4) Sulfhydryl groups which included free, reduced and protein bound 
sulfhydryl groups were found to be diminished in rat CNS following lead 
(8mg/kg.b.wt.) intoxication while selenium (0.7mg/kg.b.wt.) resulted in 
elevated sulfhydryl contents . The various sulfhydryl groups were 
observed to be elevated in different regions of rat CNS when selenium 
and lead were administered in combination 
5) Glutathione oxidized (GSSG) was found to be elevated following lead 
(8mg./kg.b.wt.) intoxication . Selenium (0.7mg./kg.b.wt.) intoxication 
resulted in diminished activity of GSSG .when selenium and lead were 
injected in combination a decrease in GSSG activity was observed. 
6) Glutathione reductase (GR) activity was significantly decreased in 
different regions of rat brain and spinal cord following lead 
(Bmg./kg b.wt.) intoxication. GR activity was observed to be elevated 
following selenium (0.7mg./kg.b.wt.) intoxication. When selenium and 
lead were injected in combination ,GR activity was found to be elevated. 
7) Catalase (CAT) activity was found to decrease following lead 
(Smg.kg.b.wt.) intoxication, while CAT activity was found to increase 
following selenium (0.7mg/kg.b.wt.) intoxication . Selenium and lead 
when injected in combination resulted in elevated catalase activity in 
different regions of rat CNS. 
8) Glutathione peroxidase (GSHPx) activity was observed to be reduced in 
rat CNS following lead (8mg./kg.b.wt.) intoxication .When selenium 
(0.7mg./kg.b.wt) was injected it resulted in increased activity of GSHPx . 
When selenium and lead are injected in combination an increase in 
activity of GSHPx was observed in rat CNS. 
9) DMA content were found to decrease following lead (Bmg./kg.b.wt.) 
intoxication while DNA content were elevated following selenium 
(0.7mg./kg.b.wt.) intoxication. Selenium and lead when injected in 
combination resulted in elevated DNA content in rat CNS. 
10) RNA content were found to be elevated following lead (Bmg./kg.b.wt.) 
intoxication while RNA content were found to decrease following 
selenium (O.Zmg./kg.b.wt.) . When selenium and lead were injected in 
combination a decrease in RNA content was observed. 
11) Protein content was found to increase following lead (8mg./kg.b.wt.) 
intoxication while protein content were observed to decrease following 
selenium (0.7mg,/kg.b.wt.) intoxication . Selenium and lead when 
injected in combination resulted in decreased protein content. 
12) Acetylcholinesterase (AChE) activity was found to be significantly 
decreased following lead (8mg./kg.b.wt.) intoxication, while AChE activity 
was significantly increased following selenium (0.7mg./ kg. b.wl.) 
intoxication . When selenium was injected in combination with lead an 
increase in AChE activity was observed in rat CNS. 
I -
13) Monoamine oxidase (MAO) activity was significantly increased in 
different regions of rat brain and spinal cord following lead 
(8mg./kg b.wt.) intoxication .while a decrease was observed when 
selenium (0.7mg./kg.b.wt.} was injected, MAO activity was significantly 
decreased following selenium and lead intoxication in combination . 
14) Dopamine (DA) content were significantly decreased following lead 
(8mg./kg.b.wt.) intoxication while DA contents were significantly 
increased following selenium (0.7mg./kg.b.wt.) intoxication. When 
selenium and lead were injected in combination, an increase in DA 
content was observed, 
15) Norepinephnne (NE) content was observed to decrease following lead 
(8mg./kg,b.wt.) intoxication .while NE content was significantly increased 
following selenium ( 0.7mg./kg.b,wt.) intoxication. When selenium and 
lead were injected in combination an increase in NE content was 
observed . 
16) Serotonin (5-HT) content was observed to decrease following lead 
(Bmg./kg.b.et.) intoxication .while 5-HT content was significantly 
increased following (O.Zmg./kg.b.wt.) intoxication .When selenium and 
lead were injected in combination an increase in 5-HT content was 
observed , 
From the present study it can be hypothesized that selenium 
administered as sodium selenite (0.7 mg./kg.b.wt.) intraperitonially 
reduces the adverse effects of lead neurotoxicity. The protective effects 
of selenium was clearly manifested in various cellular constituents, 
enzymes and neurotransmitter system. 
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ABSTRACT 
ABSTRACT 
Man has always been exposed to metals through natural 
concentration in soil, water and food. Some metal concentration is persistently 
present in different parts of the body. Metals are inextricably bound to many 
facets of modern human existence. 
Neurotoxicity has been found to be a cardinal symptom of metal 
poisoning in various studies on metal. A number of metals have been shown to 
be present in the brain and other parts of central nervous system. Metals play 
significant role in the modulation of brain function and behavior. They act as 
integral part of a number of chemical substances present in the brain. 
The human environment is exposed to constant contamination of 
high concentration of lead which has been recognized as a principle 
toxicological factor to the central nervous system (CNS). Lead poisoning may 
cause loss of memory in adult humans. 
Selenium is an important component of selenium dependent 
enzyme glutathione peroxidase (GSHPx). Selenium has been shown to reduce 
I the toxicity's of various heavy metals noticeably cadmium and mercury. 
' Selenium has been even reported to protect against neurotoxic effects of 
' vanadium, silver and thallium. The protective effect of selenium is due to its 
antioxidative properties 
Pro-oxidative agents like lead can stimulate reactive oxygen 
species formation or enhance lipid peroxidation. Thus lead toxicity is expected 
to lead to an excess of the highly reactive oxygen free radicals. Free radicals 
\ are highly reactive species which owe their unusual chemical reactivity to the 
presence of an unpaired electron in the outer orbital of the respective atom or 
molecule. The central role of free radical mediated cellular injury in various 
toxicological processes is now well established. 
Mammalian brain contains large amounts of substrates that are 
susceptible to free radical attack. It is one of the most lipid rich regions of the 
body. Lipid peroxidation is an important lipid chain degradation process. 
Neurotransmitters, proteins and nucleic acids also form important constituents 
of the central nervous system. The defense mechanism that function in vivo to 
limit or prevent free radical peroxidation damage include a number of enzyme 
systems and cofactors. Sulfhydryl groups (-SH), glutathione peroxidase 
(GSHPx) .superoxide dismutase (SOD) and catalase are related to the 
detoxification process against the toxicants. 
Changes in biochemical mechanisms and amine concentration in 
the central nervous system are manifested in the form of varying disorders and 
abnormalities in behavior. Keeping in view (loc. cit.) the antioxidative property 
of selenium and prooxidative property of lead, the present study was 
conducted on the individual effects of lead and selenium intoxication in 
different regions of rat CNS. The protective effects of selenium as antioxidant 
' on lead induced toxic effects were also investigated. 
Albino rats were administered lead (8mg./kg b.wt) and selenium 
(0.7mg/kg b.vA) i.p for 7 days. On the 8th day fasted rats were killed by 
decapitation. The brain was dissected into cerebrum, cerebellum, brain stem 
and spinal cord as described by McEwen and Praff (1976). 
Lipids were extracted from brain areas by the method of Folch 
et.aL, (1951). Totallipids, cholesterol, phospholipids and gangliosides were 
estimated by the known method of Woodman and Price (1972), Zlatis et. al., 
(1954), Marlnetti (1962) and Pollet et. al., (1978) respectively Nucleic acids 
were extracted from different regions of the brain following the method of 
Searchy and Macinnis (1970). DNA and RNA were estimated by the 
methods of Burton (1956) and Dische (1955). Proteins were estimated 
following the method of Lowry et. al., (1951). Rate of lipid peroxidation was 
determined by the method of Utiey et. al., (1967). Sulfhydryl groups were 
estimated by the method of Sedlack and Lindsay (1968). Enzymatic activities 
of SOD, GR, CAT, GSHPx and GSSG were estimated following the methods 
of Marklund and Marklund (1974), Hazelton and Lang (1985), Aebi and 
Sutter (1974), Lawrence and Burk (1976) and Folbergrova et. al., (1979) 
respectively Enzymes AChE and MAO were estimated by the methods of 
Ellman et. al., (1961) and Tabor et. al., (1953) respectively . Monoamines 
( DA, NE , 5HT) estimated by the method described by Welch and Welch 
(1959). Significant findings of the present study are summanzed as follows ;-
\ 1) Total lipids, cholesterol, phospholipids and gangliosides contents were 
{ found to be decreased following lead (8 mg/kg. b. wt.) intoxication while 
j there contents were found to be increased following selenium (0.7 
i 
I } mg/kg.bwt.) intoxication in the rat CNS. When selenium was 
I administered with lead the different lipid contents were found to be 
elevated in the rat CNS. 
2) Rate of lipid peroxidation was observed to increases significantly 
in different regions of rat brain and spinal cord following lead 
(Smg/kg b wt)intoxication while it was observed to decrease significantly 
when selenium(0.7mg/kg.b.wt,) was injected. Rate of lipid peroxidation 
was observed to decrease when selenium and lead were injected in 
combination . 
3) Superoxide dismutase activity was found to be decreased when lead 
(8mg/kg.b.virt.) was injected ,while it was observed to be increased 
following selenium (0.7mg/kg.b.vi/t.) intoxication. When selenium and 
lead were injected in combination ,superoxide dismutase activity was 
found to increase significantly in different regions of rat CNS. 
4) Sulfhydryl groups which included free, reduced and protein bound 
I sulfhydryl groups were found to be diminished in rat CNS following lead 
(8mg/kg b.wt.) intoxication while selenium (0.7mg/kg.b.v^.) resulted in 
elevated sulfhydryl contents . The vanous sulfhydryl groups were 
observed to be elevated in different regions of rat CNS when selenium 
and lead were administered in combination 
5) Glutathione oxidized (GSSG) was found to be elevated following lead 
(8mg./kg.b.wt.) intoxication . Selenium (0.7mg./kg.b.wt.) intoxication 
resulted in diminished activity of GSSG .when selenium and lead were 
injected in combination a decrease in GSSG activity was observed 
6) Glutathione reductase (GR) activity was significantly decreased in 
different regions of rat brain and spinal cord following lead 
I (8mg./kg.b.wt.) intoxication. GR activity was observed to be elevated 
! 
! 
I following selenium (O.Tmg./kg.b.wt.) intoxication. When selenium and 
1 
lead were injected in combination ,GR activity was found to be elevated. 
7) Catalase (CAT) activity was found to decrease following lead 
(Smg.kg.b.wt.) intoxication, while CAT activity was found to increase 
following selenium (0.7mg/kg.b.wt.) intoxication . Selenium and lead 
when injected in combination resulted in elevated catalase activity in 
different regions of rat CNS. 
8) Glutathione peroxidase (GSHPx) activity was obsen/ed to be reduced in 
rat CNS following lead (8mg./kg.b.wt.) intoxication .When selenium 
(0.7mg./kg.b.wt.) was injected it resulted in increased activity of GSHPx . 
When selenium and lead are injected in combination an increase in 
activity of GSHPx was observed in rat CNS. 
9) DNA content were found to decrease following lead (Bmg./kg b.v\/t.) 
intoxication while DNA content were elevated following selenium 
(0.7mg./kg.b.wt.) intoxication. Selenium and lead when injected in 
combination resulted in elevated DNA content in rat CNS. 
10) RNA content were found to be elevated following lead (Bmg./kg.b.wt.) 
intoxication while RNA content were found to decrease following 
selenium (0.7mg./kg.b.wt.) . When selenium and lead were injected in 
combination a decrease in RNA content was observed. 
11) Protein content was found to increase following lead (Bmg./kg.b.wt.) 
intoxication while protein content were observed to decrease following 
selenium (0.7mg./kg.b.wt.) intoxication . Selenium and lead when 
injected in combination resulted in decreased protein content. 
12) Acetylcholinesterase (AChE) activity was found to be significantly 
decreased following lead (Bmg./kg.b.wt.) intoxication, while AChE activity 
was significantly increased following selenium (0.7mg./ kg b.vA.) 
intoxication . When selenium was injected in combination with lead an 
increase in AChE activity was observed in rat CNS. 
13) Monoamine oxidase (MAO) activity was significantly increased in 
different regions of rat brain and spinal cord following lead 
(8mg/kg b w t ) intoxication .while a decrease was observed v\^en 
selenium (0.7mg./kg.b.wt.) was injected. MAO activity was significantly 
decreased following selenium and lead intoxication in combination . 
14) Dopamine (DA) content were significantly decreased following lead 
(8mg./kg b.wt) intoxication while DA contents were significantly 
increased following selenium (0.7mg./kg.b.wt.) intoxication. When 
selenium and lead were injected in combination, an increase in DA 
content was observed. 
15) Norepinephnne (NE) content was observed to decrease following lead 
(8mg./kg b w t ) intoxication .while NE content was significantly increased 
following selenium ( 0.7mg/kg.b.wt.) intoxication. When selenium and 
lead were injected in combination an increase in NE content was 
observed 
16) Serotonin (5-HT) content was observed to decrease following lead 
(Bmg./kg b e t ) intoxication .while 5-HT content was significantly 
increased following (0.7mg./kg.b.wt.) intoxication .When selenium and 
lead were injected in combination an increase in 5-HT content was 
observed 
From the present study it can be hypothesized that selenium 
administered as sodium selenite (0.7 mg./kg.b.vA.) intrapentonially 
reduces the adverse effects of lead neurotoxicity. The protective effects 
of selenium was clearly manifested in various cellular constituents, 
enzymes and neurotransmitter system. 

1 INTRODUCTION : 
Mankind is increasingly exposed to overcrowding, noise and an 
atmosphere polluted by smoke and exhaust fumes in towns and cities, to 
chemical and physical hazard at work, to food that may contain residues of 
insecticides, fungicides, metals, hormones, antibiotics and a host of other 
\ undesirable chemicals. Pollution of the environment, once considered a minor 
and necessary evil, is now increasingly recognized as a major threat to social 
j 
I and economic development and even to man's survival. 
i 
j Metals constitute major part of the trace element spectrum. While 
: some metals are biologically essential (Vanadium, Manganese, Selenium etc ) 
{ others are extremely poisonous (Lead, Cadmium, Mercury etc.) Current 
I 
i 
evidence indicates that among 90 naturally occurring elements and metals 
approximately one fourth of them are essential to life and each one of them 
• has a possible interaction with various "toxic" metals. Certain trace elements, 
owe their biological importance to their toxic effects on animals even in small 
; amounts Fluorine, selenium and molybdenum are outstanding examples of 
: these toxic elements because of their natural occurrence in the food and 
drinking water in certain areas. 
The circumstances and m.eans of human exposure to the metal vanes 
I Man has always been exposed to metals through natural concentration in soil 
, water and food Metals like Zn, Cu, Cr, Fe, etc. are persistently present in 
I 
i different part of the body. The general means of entry of different mietals in the 
; body depends on the route through which it comes in contact with the cells 
The initial contact of metals with cellular membranes makes it a sensitive 
target for local toxicity Pulmonary absorption of metals is a common cause of 
human toxicity in both the general and industnal environments. Gastro -
intestinal absorption of metals shows tremendous variations from the total 
amount consumed, for example, cadmium < 5%, iron ~ 15%, copper - 50% 
chromium ~ 70%, inorganic arsenic > 90%. It is of importance that the degree 
of metal induced local toxicity in the gastrointestinal tract is typically unrelated 
to the extent of absorption of the compound. Percutaneous absorption of 
metals is also variable and though regarded as of lesser importance is a 
general means for metals into the systemic circulation. The larger surface area 
provides an opportunity for local toxicity. Skin ulcers and allergic dermatitis 
has been reported in workers exposed to hexavalent chromium compounds. 
The central nervous system controls all the different physiological 
events of the body Many metals like cadmium and inorganic mercury show 
marginal penetration of the blood brain barrier while orgamc metallic 
compounds such as methyl mercury compounds can pass more effectively 
through this barrier The mechanism of protection from potentially toxic 
substances is afforded to the central nervous system due to the existence of 
this blood-brain barrier 
Toxicity initiated either by decrease or increase in the biological 
functionality is most common. Inhibitory influence of toxic heavy metal cations 
may be exerted on the catalytic site(s) either by direct binding to it or by 
interfering with the electron transfer during catalysis (Mittal et. al., 1995) 
Carbonic anhydrase was the first enzyme which was demonstrated to contain 
interfering with the electron transfer during catalysis (Mittal et. al., 1995) 
Carbonic anhydrase was the first enzyme which was demonstrated to contain 
the metal, zinc Now there are nearly seventy related metalloenzymes for 
which zinc is required. Other elements are also incorporated in enzyme and 
take part in the biochemical mechanism in the body. Modified enzyme function 
is often a cause of metal toxicity because of their unique three dimensional 
structure The metal component of metalloenzymes may function as described 
below . 
a) Metals helps to maintain the structural integrity of protein. 
b) Metals are involved in binding the substrate or the enzymes. 
c) Metals are involved in the catalytic reaction and undergo 
oxidation/reduction during electron-transfer reaction. 
A common theory of enzyme catalysis involves the formation of an active 
enzyme -substrate complex which retains the property of the metal ion 
j 
i 
Sites involving close grouping of -—SH and imidazole groups are ; 
especially vulnerable to metal interaction leading to reducing enzyme activity 
A number of metal ions have been shown to interfere with mitqchondriai 
I functions and hence cellular energy production. 
Neurotoxicity is the most glaring symptom of metal poisonina in various 
I 
' studies on metal Neuropathies and mental disorders commonly occur by 
i heavy metal poisoning (Lead, mercury, manganese, tin, copper and arsenic 
i etc.) A number of metals have been shown to be present in the brain and 
i 
I other parts of the central nervous system. (Hock et. al., 1975; Perry et. ai, 
lifespan may also result in acceleration of age-related neurodegenerative 
diseases, behavioral problems such as an increased aggression and poor 
social adjustment (Rice, 1998) 
Metals take part in the maintenance of homeostasis which is produced 
by either deficiency or an excess of these metals and this change may lead 
to — 
a) Neuronal/extra neuronal morphological changes. 
b) Biochemical changes by altering the concentration of central 
neurotransmitters or metalloenzymes. 
c) Biochemical alteration in concentration of lipids, nucleic acids, proteins 
etc 
d) Changes in receptor sensitivity. 
e) Changes in the regional concentration of other metals. 
The mechanism can be studied on different standard behavioral and 
neurotransmitter parameters and by studying alteration in the various 
biochemical parameters and the interaction between metals . 
1.1 Alms and Objectives of the present 
study 
The metal ions are known to affect different parts of the body in a 
variety of ways Some of the metals are essentials, other are toxic in trace 
amounts The area of metal toxicity is so wide, that it is difficult to co^er all 
aspects of all the metal ion toxicity under this study. During these days reports 
have appeared on the effect of selenium in different parts of rat's CNS 
Selenium has been reported to protect against many metal (like cadmium 
mercury, thallium, lead etc.) neurotoxicity. It is worthwhile to investigate the 
effect of selenium and lead individually and the cumulative effect of selenium 
and lead in rats CNS. This study on the male albino rats (Charles Foster 
strain) was undertaken with the following main objectives ;— 
i) To evaluate the quantitative effect of selenium (dose 0.7 mg/kg b.wt ) 
1 on the various neurochemical parameters to asses cellular damage in 
different regions of rat's central nervous system(CNS). 
i il) To evaluate the quantitative effect of Lead (dose 8 mg/kg b wt) on the 
i v/anous neurochemical parameters in different regions of rat's CNS 
iii) To evaluate the possible protective effect of selenium (0.7 mg/kg b.wt) 
against Lead (8 mg/kg b. wt.) induced alteration on the various 
neurochemical parameters studied in different regions of rat s CNS 
The various parameters studied to investigate the quantitative effect of 
selenium and lead individually as well as the protective effect of selenium 
against lead induced toxicity are as follows : 
i) Total lipids, phospholipid, cholesterol and gangliosides. 
li) Lipid fieroxidation 
ill) Total " -SH Free —SH or reduced glutathione (GSH), protein - - S H 
oxidized glutathione (GSSG) and GSSG/GSH ratio. 
iv) Antioxidant enzyme : Superoxide dismutase (SOD) Catalase (CAT), 
glutathione reductase (GR). glutathione peroxidase (GSHPx) 
v) Nucleic acids (DNA and RNA) and protein. 
vi) Monoamine oxidase (MAO) and Acetylcholinesterase (AChE) 
vii) Neurotransmitters Dopamine (DA) Norepinephrine (NE) and 
Serotonin (5-HT) 
LITERATURE 
2 REVIEW OF LITERATURE: 
2.1 Selenium 
2.1.1 General Distribution in Animal Tissue 
The liver, kidney and adipose tissue usually have the highest and 
muscle the lowest level of selenium (Ehligh et. al., 1967; Lindberg, 1968; 
Handreck and Godwin, 1970). 
Few data have appeared on the selenium levels in normal human 
tissue. Dickson and Tomrmson (1967) have reported the following mean 
values for autopsy specimen from 10 Canadian adults. Liver - 0.44, skin - 0.27 
and muscle - 0 37 pg Se / g of wet tissue. Hamilton et. al., (1973) have 
reported the mean Se concentration as follows :— 
Liver — 0.30 ± 0 . 1 0 p g 
Brain — 0.09 ± 0.02 pg 
Muscle — 0.11 ±0.01 pg i 
Kidney — 0.10 ± 0 02 pg 
The concentiation of selenium in blood is highly responsive to changes 
in the Se level in diet Allaway (1968) has reported a range of 0 10 to 0.34 
pg/ ml Se levels in whole human blood from 210 male donors in 19 cities in 
the United States McConnell and Co-workers (1975) reported a study of Se 
in healthy and diseased human blood sera. Their mean normal healthy value 
of 0 118 pg Se/ml is in close proximity to the mean values obtained in other 
studies (Dickson and Tomlinson, 1967; Halm et. al., 1972). Red blood cells 
contain highest Se concentrations than plasma (Burk et. al., 1967; Dickson 
and Tomlinson 1967; Rhead et. al., 1972), 
Hadjimorkos (1973) has proposed that the consumption of small 
amounts of Se dunng the developmental period of the teeth increases the 
incidence of caries. Kagueler and Petrovic (1970) have demonstrated the 
inhibition of growth and calcification of teeth and maxillary bones by Se 
injections as selenite in young rats. 
The selenium content of beef averages 0.3 ppm, while pork, chicken 
and dairy products averaged 0.1 ppm. Animal food products account for 38% 
of the total dtetary intake of selenium (Mahaffey et. a}., 1875). 
12.1.2 Absorption, Metabolism and Excretion 
i 
i Food constitutes the major route of human exposure to environmenta 
i selenium The intake fall within the range of 20-300 pg/ day. The total body • 
! selenium has been estimated to be nearly 6 mg (Morris and Levander, | 
i 1970). All selenium compounds are readily absorbed from the 
I 
I gastrojntesJonal tract and through the lungs. VirtuaWy none is absorbed when 
applied to the skin. The selenite ion has a greater affinity for tissues than does 
selenate (Rosenfeld and Beath, 1948) 
Selenium is assimilated more effectively from plant food than animal 
products (Young et. al., 1982). Following absorption, selenium is carried fixed 
in the red blood cells and is found associated with plasma albumin and 
globulin The albumin is the immediate receptor and is directly or indirectly 
involved in the transport of selenium to more stable binding sites in blood and 
tissues (Stolman and Stewart, 1965). Selenium is absorbed mainly from the 
duodenum particularly in the form of selenomethionine analogue (Combs and 
Combs, 1984). Robson and Thomson (1983) have reported transportation of 
absorbed selenium in humans by binding to plasma proteins. 
The elimination of selenium is slower than its retention Selenium 
excretion occurs mainly through urine. Some is found in the faeces through 
elimination in the bile. Sizable portions are excreted through the lungs and in 
the milk. Perspiration contains minor quantities. The portion excreted ir the 
breath is passed as dimethyl selenide and may account for as much as 307oof 
the ingested selenite. 
The distribution among the vanous excretory pathways is rather 
variable and depends in part on the rate and form of selenium absorption. 
2.1.3 Selenium Deficiency 
Selenium is essential for growth and fertility in animals and in the 
prevention of various disease conditions which shows a variable response to 
Vitamin E Schwarz and Faltz (1958) have demonstrated that selenium 
prevents liver necrosis of the liver. Thompson and Scott (1970) have also 
shown that severe Se deficiency results in atrophy of the pancreas of chicks, 
in addition to poor growth and feathering even in the presence of high levels of 
dietary Vitamin E The degeneration of Se deficient pancreas have been 
further characterized by the detailed studies of Noguchi et. al., (1973) The 
pancreatic atrophy in the Se deficient chick is associated with imDairment of 
lipid and Vitamin E absorption and other changes (Thompson and Scott, 
1970). Se deficiency results in impaired development of reproductive organs 
The deficiency of selenium may result in Keshan disease and 
Keshinbeck disease in man (Xiang, 1982). Keshan disease is manifested as 
cardiomyopathy Keshan disease group in China reports remarkable clinical ] 
improvement with sodium selenite in endemic cardiomyopathy. Kawakubo et. \ 
a!., (1994) reported progressive encephalopathy in a Crohn's disease to be 
related to selenium deficiency. Watanabe and Satoh (1995) reported 
behavioral changes in open field behavior and Morris maze performance in 
mice due to selenium deficiency. 
Reduced glutathione peroxidase activity following prolonged selemum 
deficiency has been reported to alter the function of striated dopaminergic 
neurons in mice (Watanabe et. al., 1997). 
Brain thioredoxin reductase activity is less sensitive while a decrease in 
thioredoxin reductase activity has been reported in liver (4.5%) and kidtiey 
(11%) due to selenium deficiency (Hill et. al., 1997). 
2.1.4 Role of Selenium in Biological Process 
Selenium is an essential constituent of selenium dependent 
glutathione peroxidase (GSHPX ), an enzyme which is capable of catalyzing 
the reduction of hydrogen peroxide and of wide range of lipid hydroperoxides 
(Rotruck er. al., 1973). its activity in various tissues from several species is 
dependent on dietary selenium intake (Hafeman et. al., 1974). The defense 
mechanism that functions in vivo to limit or prevent free radica* initiated 
peroxidative damage also includes a number of other enzyme systems and 
cofactors 
vSodium selenite inhibits DNA and RNA in Hela cells at concentrations 
several orders of magnitude below those which decrease cell viability 
(Gruenwede! and Cruikshank, 1979). Inhibition by selenite to a variety of 
' DNA and RNA polyme-'ases is also potentiated by sulfhydryl compounds via 
; formation of selenotrisulfides abducts, which inhibit the enzyme (Frenkel et. 
al., 1986), Frenkel and Falvey (1988) also observed that a cellular SH 
compound is involved m the inhibition of DNA synthesis by selenite. 
^he brain is enriched in a highly specialized membrane called myelin 
vihich accounts for brain's high lipid content and are affected by varying 
concentration of selenium. The content of polyunsaturated fatty acid m serum 
cholesterol esters and phospholipids is positively correlated with Se 
concentration in human beings (Miettlnen et. al., 1983). 
Se deficiency has been shown to increase induced mammary 
carcinogenesis in rats supplemented with a high polyunsaturated acid diet 
(Reddy & Tanaka, 1986). Moderate doses of selenium supplement (50 -
100)jg / day) appears to be beneficial for health. Chrome selenium intake of 
less than 1000 pg / day in adults does not cause any form of toxicity. (Neve, 
1991). 
The CNS seems to be a very sensitive organ to selenium, Ammar and 
Couri (1981) have demonstrated sodium selenite to be much more toxic after 
intracranial injection compared to i.v. injection. They also demonstrated that 
the total amount of elemental selenium in the CNS was rather unimportant, 
whereas the chemical form was important. Moxon (1973) has described 
ataxia, motor in-coordination, hyperflexia paralysis, depression and lack of 
vitality in Se intoxicated animals. Behne et. al., (1988) has shown selenium 
content to be strictly regulated in that the selenium concentration ir the CNS 
remained relatively high dunng depletion studies. Among the symptoms of 
intoxication, endocrine dysfunction, including growth reduction (Jensen, 1975; 
Glover et. al., 1979) and intrauterine absorption of foetuses and ovanan 
dysfunction (Rosenfeld and Beath, 1954) have been described. 
In rats, the brain has a higher metabolic priority for selenium than any 
other tissue (Behne et. al., 1988; Djujie et. al., 1992). Zhang et. al., (1995) 
reported selenium accumulations in tumor tissue more than in normal brain 
tissue. 
There is considerable evidence that selenium supplementation 
enhances humoral immunity in animals including rodents, against pathogenic 
microbes (Serfass et. al., 1974; Spallhotz, 1981). A clinically significant link 
between Se and blood glucose was indicated by Gebre-Medhin and Co-
tt'M 
workers (1984) Effect of selenium on blood glucose may be mediated 
through the adrenal and /or pituitary gland. The involvement of the pituitary 
gland in triggering the role of Se in development embryology has been 
reported (Schamberger, 1983; Thorlacius-Using and Danesher, 1985) 
Wilson and Tappel (1993) reported differential binding of plasma 
selenoprotein P to cell membranes, the highest being in brain and lowest 
being In liver. Al-Deeb et. al., (1995) reported inhibition of iminodipropionitnle 
(IDPN) induced neurotoxicity by selenium administration. Hawkes and 
Horrbostel (1996) reported depressed moods in persons with low selenium 
status This supports the idea that selenium plays a special role in the brain 
Selenium protects against hemoglobin mediated lipid peroxidation. {Simon! et. 
al., 1995). 
2.1.5 Selenium Toxicity 
Selenium toxicity was probably first described by Marco - Polo (1265). 
Chronic selenium poisoning results into blind staggers which occurs when 
seleniferous plants are consumed over longer periods of time. The animals 
develop impaired vision and movement disorders which ultimately results in 
paralysis leading to death Anaemia is a common manifestation of selenosis . 
Reports of toxicity in man suggests that it may results in brittle nails, 
chronic dermatitis and loss of hair (Dreostic, 1986). Hair may be lost from the 
brow, beard, armpit and pubic area. New hair is always depigmented and 
loses its lustre, often with split ends. The nails becomes brittle with white 
spots on the surface followed by a break on the wall of the nail. Thumbs are 
always affected first The new nail is fragile and thickened and its surface is 
rough and stripped. Acropachia may result due to repeated attacks 
Skin lesions occur mainly on the four limbs. Affected skin becomes red 
swollen blistered and eruptive. 
Abnormalities of the nervous system are observed only in heavily 
affected areas. Initially the patients may complain of penpheral anesthesia, 
"pins and needles", acroparaesthesia and pain in the extremities. The exact 
role of selenium in producing toxicity in higher animals, however, is still not 
clear 
Scott (1962) has suggested that the toxicity of selenium is due to its 
binding with sulfur containing moieties. The capability of selenium to inhibit 
certain enzyme action has been widely reported. Selenium may also exeit its 
affect by inhibiting enzymatic action involved in cellular oxidation Oxygen 
uptake of yeast decreases upto 80% in the presence of selenite. The 
dehydrogenating enzymes which play essential roles in tissue oxidation are 
particularly sensitive to selenium (Potter & Elvenlyein, 1936) . 
2.1.6 Role of Selenium in Neurobehavioral Activity 
The effects produced by chemical exposures may be permanent or 
reversible. Neurobehavioral assessment of the nervous system is done to 
Identify clinical or subclinical effects that have resulted from either short term 
(acute) or long term (chronic) exposure. 
Several evidence point to the suggestion that selenium may have 
specialized function in the central nervous system (CNS). In rats, the brain has 
a higher metabolic priority for selenium than any other tissue (Behne et. al., 
1988; Djujic et. al., 1992). A direct link between dietary selenium and CNS 
function was found in a study in which high dose of selenium supplementation 
J caused hyperactivity and arousal behavior in mice (Boylan et. al., 1990). 
The catecholamines (dopamine, epinephrine and norepinephrine) are 
neurotransmitters concerned with a number of functions related to emotions 
attention and visceral regulation. Monoamines consisting of catecholamines 
: and serotonin act as important neurotransmitters in the brain. It is well known 
that changes in the biochemical mechanisms and amine concentration in the 
CNS leads to varying disorders in the behavior. Neurobehavioral toxicity is of 
immense importance as behavior is the functional indicator of net sensory, 
motor and integrative processes of the central and peripheral nervous system 
Acetylcholinesterase is an important enzyme which hydrolyzes 
acetylcholine at synapses to choline and acetic acid. Acetylcholinesterase 
prevents the release of acetylcholine from acting longer than it is necessary 
and it helps to ensure an adequate supply of choline for acetylcholine 
synthesis Any alteration in the activity of acetylcholinesterase may altei the 
concentration of acetylcholines from its optimal concentration in synapses 
causing dysfunction in nerve transmission which is highly related to the 
behavioral activity. 
Monoamine oxidase (MAO) is an important neuronal enzyme related to 
vanous vital functions (Friede, 1966; Cooper et. al., 1978). Any alteration in 
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the activity of MAO may alter the level of the neurotransmitters and as a result 
this affects the behavioral activity 
Selenium has been reported to inhibit sleep depending upon dose and 
time (Matsumura, et. al., 1991; Boylan et. al., 1990). 
Bekpinar (1995) reported beneficial effect of selenium supplementation 
on Na(+) - K (+) - ATPase activity by preventing free radical induced damage. 
2.1.7 Selenium and Ageing 
Age related degenerative changes reflect the toxic effects of free 
radicals and/or the by-products of normal metabolic processes of life 
(Harman, 1956) Free radicals have been implicated in a variety of biological 
processes and are thought to be one of the major constituents of ageing 
(Sega), 1988; Simic et. al., 1989). Lammi Keefe et. a)., (1984) propounded 
that oxidant damage was a consequence of antioxidant and related enzyme 
system deficiencies. Reduced transmitter level and changes in antioxidant 
enzyme system are used as markers of ageing in the nervous system 
( Stadtman, 1988) 
Trace metals, in general, and selenium by virtue of its antioxidant | 
property have been implicated in the ageing process. Ageing is known to be 
associated with increased accumulation of lipofusion pigments in several 
tissues of the aged (Reichel, 1968; Porta and Hartoroft, 1969). The products 
of these pigments which are derived from the break down of nucleic acid and 
protein malonaldehyde have been used as an index of the extent of lipid 
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peroxidation and hence cellular membrane damage (Chio and Tappel, 1969; 
Tappel et al., 1973; Tappel, 1975). Selenium as a component of glutathione 
peroxidase (GSHPX) presumably protects against lipid peroxidation induced 
cellular damage by destroying the peroxides (Lucy, 1972; Diploch and Lucy, 
1973; Diploch, 1981) and hence slowing down the ageing process 
2.2. Lead 
2.2.1 General Distribution in Animal Tissue 
Lead residue are present at work and increase through the second 
decade of life and then remain constant, unless significant accident or 
occupational exposure occurs (Kubasik and Volosin, 1972). It has no 
known essential function but can accumulate in many biological systems until 
it reaches toxic level (Alexander, 1974; Anderson and Clark, 1974). 
Barry and Mossman (1970) have reported lead level in different 
tissues of infant and adult as follows. 
Tissue Infant Adult 
Muscle 0 01 ppm. 0.06 ppm. 
Liver 0 46 ppm. 1.35 ppm. 
Bone 1 ppm, 40 ppm. 
L '9 ,1 
Brain Cortex 0 1 - 0.2 ppm. varying somewhat with age. 
The human skeleton begins to accumulate lead during foetal 
development and continues to do so until 60 years of age (Pounds et. al., 
1991) The skeletal lead is not metabolically inert but can be mobilized by 
physiological and pathological states for example, during pregnancy and 
lactation (Silbergeld, 1991) and osteoporosis (Silbergeld et. al., 1988) with 
possible adverse effects in other tissues, including the foetus. AboLit 94% of 
total lead body burden is present in bone in adults, whereas only 7~3% of the 
body burden in children is located in bones. (Barry, 1975, 1981) 
The accumulation of lead in teeth (PbT) has been used as a measure of 
exposure of children to lead in several epidemiological studies ( Rabinowitz 
et. al., 1989; Fergusson et. al., 1989; Hansen et. al., 1989). Hair has been 
used as one of the indicators of exposure in children ( Marlowe and Errera, 
i 1982; Wllhelm et al., 1989) . Barltrop (1969) has reported strong positive 
correlation between maternal and fetal blood lead levels. 
Kolbye et.al., (1974) have reported lead levels to be nearly 0 015 
; ppm in meat and poultry products. Fish have been reported to average to 
0.6 ppm and oysters upto 1.0 ppm. (Zook et.al., 1976). According to 
I 
MacGregor (1975). meat, poultry and fish account for only 6.6% of the 
estimated dietary intake of lead. 
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2.2.2 Absorption, Distribution and Excretion 
The absorption, metabolism and excretion of lead has been worked 
out by Kehoe and Co-workers (1940). The major routes of absorption of lead 
are from the gastrointestinal tract and the respiratory system Gastrointestinal 
absorption of lead varies with age. Adults absorb approximately 10% of 
ingested lead while children absorb upto 40%. The slow absorption by this 
route probably allows for uniform distribution and redistribution (Blaxter, 
1950). Alexander (1974) has reported an average of 53% absorption and 
18% retention of dietary lead in children. Only small quantities of inorganic 
lead accumulate in the brain, with most of that in gray matter and the basal 
ganglia Absorption of inhaled lead varies with the form (vapour versus 
particle) as well as with concentration. After acute inhalation (Morgan and 
Holmes, 1978) or oral (Aungst et. al., 1981) exposure, lead levels in rats 
were highest in liver kidneys and lungs. 
Nearly all circulating inorganic lead is associated with erythrocytes 
only when lead is present in relatively high concentrations does a significant 
' portion remain in the plasma. Campbell et. al., (1982) reported selective 
accumulation of lead in the rat brain. Lead crosses the pl.jcenta 
(Schweinsberg and Von Karsa, 1990; Rodrigues et. al., 1996) and has an 
unusual distribution pattern in the embryo, characterized by marked 
accumulation almost exclusively in the blood (Danielsson et.al., 1984). 
Inorganic lead is excreted from the body chiefly in the faeces and urine 
In experimental animals, lead is excreted into the bile and much more lead is 
excreted into the faeces (90%) than into the urine. Ninety percent of orally 
ingested lead is unabsorbed and passes in the faeces. In man urinary 
excretion is more important route. Chamberlain (1985) reported that 
approximately 60% of absorbed lead is retained by the body and 40% 
excreted. 
The excretion of lead is enhanced by conditions that favor 
mobilization of bone and soft tissue reserves. 
2.2.3 Lead Toxicity 
Lead has been enduring toxicological problem in the recorded history 
of mankind (Gilfillan, 1965). The average daily intake of lead is 
approximately 0.3 mg. w/hile positive lead balance begins at a daily intake 
of about of 0.6 mg. This amount does not produce overt toxicity within a 
lifetime. However, with increase in amount ingested, the time to accumulate 
toxic amounts shortens disproportionately. 
Lead has generally been considered to affect primarily the 
gastrointestinal nervous and hematopoietic systems. Exposure to low levels 
of lead has been associated with behavioral abnormalities, learning 
impairment , decreased hearing and impaired cognitive functions in 
humans and in experimental animals (Shannon and Graef, 1992; Lockitch, 
1993; Rice, 1993; West et. al., 1994; Goyer, 1996; Meadows, 1996; Ruff at. 
aL, 1996) 
Embroyotoxicity. reproductive failure, and reduced fetal weight have 
been reported (Ditts and Ahokas, 1979; 1980; Morrisey and Mottet, 1980). 
McCauley et. al., (1982) and Bull et. al., (1983) have reported retarted 
biochemical development and synaptogenesis of the cerebral cortex 
following present exposure to lead. Inorganic and organolead intoxication 
leads to dystrophic neuronal development (Verity, 1990). Brain homeostatic 
mechanisms are disrupted by exposure to higher levels of lead (Bressler and 
Goldstein, 1991). Second messenger metabolism and protein kinase 
activation are the potential sites for the toxic action of lead upon the nervous 
system function (Goldstein, 1993). Highly symptomatic cases ot lead 
poisoning have been reported to cause palsy and encephalopathy 
(Chakravorti and Bhar, 1978; Wang, 1984; Davies, 1984; Lin - Fu, 1985) 
Lead is bound to haemoglobin in blood and has a greater affinity for 
fetal than adult haemoglobin (Ong and Lee, 1980). Albahary (1972) 
reported increased fetal haemoglobin in human and experimental animal 
I poisoning One of the earliest observed effects of lead poisoning is the rise in 
i 
i coproporphynn excretion in the urine ,due to inhibition of coproporphyrinogen 
j 
oxidase (Campell et. al.,1977). Moore et. al., (1987) ascribed increased 
I 
I circulating levels of o - Aminolaevulinic acid (ALA) to lead exposure. This is 
t 
! due to decreased activity of ALA dehydratase (ALDA), which is uniquely 
i 
! 
j sensitive to lead toxicity (Meredith et. al., 1978). 
2 .2.4 Role of Lead in Neurobehavioral Activity 
Infants and young children are most susceptible to the subtle 
neurobehavioral changes induced by lead exposure, probably as the result of 
increased gastrointestinal absorption of lead, increased distnbution of lead to 
the CNS, as well as increased vulnerability of the developing nervous 
system to lead. Rats exposed to lead either prenatally or neonatally , exhibit 
decreased CNS synapse formation and synaptic density (Averill and 
Needleman, 1980; Campbell et. al., 1982; McCauley et. al., 1979 ). 
Winneke (1996 ) has reported the involvement of glutamatergic and 
dopaminergic transmitter systems in lead induced developmental 
neurotoxicity. 
Many studies have reported cognitive and behavioral effects of lead 
exposure at Increasingly lower concentrations. Experimental studies using 
animal models have demonstrated that lead impairs learning and memory 
! functions at virtually all stages of the life cycle. The studies of Levin and 
Bowman (1983) and Davies et. al., (1990b) demonstrated impaired learning 
ability in rats, when brain lead averaged about 0.05 pg / g wet weight Cory 
; Slechta et. al., (1985) demonstrated a significant learning impairment Cory 
Slechta and Pokora (1991) reported similar results in older rats. Cohn et. al., 
i (1993) demonstrated selective effects of lead on learning processes. 
I Lead intoxication has been reported to cause deficits of learning and 
j memory in children and expenmental animals (Brassier et. al., 1999; Nihei 
and Gullarte 1999; Chen e t al., 1998 ) Fergusson et. al., (1988) related 
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higher tooth lead level to lower reading scores, poorer spelling, lower 
mathematics scores and poorer handwhting, Fulton et. al., (1987) reported a 
dose response relationship between blood lead scores and cognitive ability 
scores with no evidence of a threshold. Behavioral ratings on the Rutter 
behavioral scales (Thomson et. al., 1989) showed a dose-response 
relationship between blood levels and behavior ratings with no evidence of a 
threshold. 
Stokes et. al., (1998) reported significant adverse central and 
pehpheral neurological effects in a group of young adults 20 years after 
childhood environmental exposure. Waterman et. al., (1994) reported 
aggravation of neurological disease by enhancement of the immunogemcity of 
nervous system proteins in lead exposed mice. Zawla and Harry (1996) 
have reported selective interference with cntical developmental gene 
expression Lead has been reported to promote apoptosis in newborn rat 
cerebellar neurons ( Oberto et. al., 1996 ). Stark et. al., (1992) have 
i reported decrease in the level of differentiation and impairment of glial cell 
function due to exposure to lead. Exposure of the developing foetus to lead 
results in higher uptake of lead in the brain than from later exposure 
(Rossouw et. a!., 1987). Winder and Lewis (1985) reported diffused toxic 
' "encephalopathy" with a Isolated pattern of edematous and neuronal necrosis 
in the brain due to lead accumulation. Generalized vascular alterations In the 
brain leading to hemorrhage and cerebral edema have been reported due to 
lead toxicity The effects of lead on the blood brain barrier (BBB) and cerebral 
vasculatures (Jacobs 1980; Goldstein 1992) are well established 
^^  
Lead is known to influence neurotransmitter mechanism and certain 
enzymes functions (Govoni et. al.,1980; Chandra and Rehman, 1982 
Nakagawa et. al.,1980). In vitro studies with a variety of neurotransmitter 
substances indicate that lead has generalized effects on transmitter release 
(Minnema and Cooper, 1990). Glutamatergic and dopaminergic transmitter 
systems are involved in lead induced developmental neurotoxicity (Winneke, 
1996). From both in vivo and in vitro studies, lead exposure has been 
reported to have effects on virtually all neurotransmitter systems (US EPA, 
1986a). Cooper et. al., (1984) reported disruption of synaptic transmission 
particularly those related to the release of acetylcholine. Sauerhaff and 
Michaelson (1973) have reported possible involvement of brain 
catecholamines in the lead induced hyperactivity commonly observed in 
animals Catecholamines especially dopamine has been reported to be 
involved in the central regulation of motor activity (Jones et. al., 1981). 
Sauerhoff and Michaelson (1973) reported no changes in noradrenaline 
concentration in whole brain of mouse and rat. Goiter and Michaelson 
(1975) reported elevated noradrenaline levels in the brain. Sllbergeld and 
Chisholm (1976) reported significant increase in homovanillic acid (HVA) in 
mouse forebrain following lead exposure indicating enhanced dopamine 
turnover Schumann et. al., (1977) reported no change in dopamine synthesis 
in mouse brain and rat forebrain . 
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2.3 Metal Interaction in Biological Systems 
The term interaction for metals was defined by the task Group on 
Metal interaction (1978) as "a process by which metals In their various forms 
change the critical concentration or critical effects of metal under 
consideration" In addition, the term interaction may also be used to describe 
"any influence of metals and other substances and factors on the metabolism 
and toxicity of the metal under consideration. 
Among 90 naturally occurring elements approximately one fourth of 
them are essential to life The exposure to non-essential, perhaps 'toxic" 
metals, such as lead, mercury, cadmium and arsenic may induce metal / metal 
or metal / element interactions between essential elements or metals and the 
non-essential ("toxic") metals These may produce an alteration in the 
otherwise well - balanced micro-environment within the biological system 
I Such a disturbance of the normal balance and metabolism of the essential 
i 
i metals and elements in the biological system may become the basis or set the 
i "stage" for some of the subsequent "toxicity's" observed. 
i 
Chemical specificity in biological interaction involving metal ions is 
; essentially a reflection of the relative stability of the complexes formed by 
i metal ions with the functional groups of the physiological constituents. There 
are many antagonistic functions of the metal ions, found in the bioiogicai 
I system. This action is done by ion such as cadmium, lead and nickel, while 
I excess of zinc accentuates copper deficiency. Antagonistic relationship are 
I 
I 
also found between calcium and zinc, cadmium and zinc, and manganese and 
I 
i iron. There is no degree of chemical specificity In biological system which 
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cannot be matched in simple chemical system. The ratio of the stability 
constants of the complex ions formed between a metal ion and the 
participating functional grouping is used for quantitative evaluation of 
specificity. 
2.3.1 Interaction of Lead with Other Heavy Metals 
Lead poisoning is associated with altered metabolism of essential trace 
metals (Niklowitz and Yeager, 1973; Michaelson and Sauerhoff, 1973). 
Gooddy and Co-workers (1975) reported that metals are in dynamic state 
and can interchange in health, toxicity and disease. Guilarte et. al., (1994) 
reported chronic lead exposure results to impaired neuronal process 
underlying synaptic plasticity via direct interaction with the N-Methyl-D-
Aspartate (NMDA) glutamate receptor subtype. 
Rehman and Chandra (1984) reported antagonism of lead and copper 
in brain areas which control the internal environment of the body. Iron and 
copper greatly reduce the toxic effects of lead on the hematopoietic system 
(Davies and Campbell, 1977; Petering, 1980). Rehman and Chandra 
(1984) reported a reduction of lead deposits in the brain by copper 
supplementation 
Cerklewski and Forbes (1976) reported decrease in seventy of lead I 
toxicity due to increase of dietary zinc. With zinc supplementation both in vivo 
and in vitro, the inhibition of a zinc dependent enzyme, 5 - aminolevulinic acid 
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dehydratase by lead is reversed (Abdulla et. al., 1979). Hasan and Seth 
(1981) reported that zinc, when administered with lead, reduced the amount of 
lead deposited. 
Cooper et. al., (1984) reported that lead mimics calcium in the synaptic 
sites, thereby disrupting the synaptic transmission particularly those related to 
the release of acetylcholine. Lead metabolism is influenced by calcium and 
vice-versa (Barton et. al., 1978; Meredith et. al., 1977; Quarterman and 
Morrison 1975). Lederer and Bing (1940) reported decreased lead retention 
with increasing dietary calcium. Sandhir and Gill (1994) reported that lead 
mimics the action of calcium The homeostatic mechanism for calcium and its 
dependence on nutritional status, as well as body burden of lead explains the 
divergent results of the observed interaction in children (Rosen et. al., 1980) i 
or the lack of association of lead with Vitamin D metabolism. 
In experimental animals, chronic ingestion of diets with less than 
adequate amounts of calcium (Quarterman and Morrison, 1975), 
phosphorus (Quarterman and Morrison 1975), iron (Mahaffey - Six and 
Goyer, 1972) Selenium (Stone and Scares, 1976) or zinc (Cerklewski and 
Forbes, 1976) increase the fractional absorption of lead in the gastrointestinal 
tract, 
iron levels in food and lead absorption had significant positive 
correlation's between them Iron appears to increase absorption's rather than 
decrease lead excretion (Barton et. al., 1978). Iron deficiency has been 
reported to augment lead absorption from the intestine. However iron 
29 
deficiency did not increase lead deposition in the brain (Crowe and Morgan, 
1996) Lead has the capacity to stimulate lipid peroxidation in the presence of 
2+ 
Fe (Oteiza et. al.,1995; Adenaylo and Oteiza,1999). 
2.3.2 Interaction of Selenium with Other Heavy 
Metals 
Selenium is toxic at high dose levels. At dietary levels selenium has 
been shown to reduce the toxicity's of various heavy metals noticeably 
cadmium and mercury (Flora et. al., 1982; Kar et. al., 1960; Holmberg and 
Farm, 1969; Parizek et. al., 1968, 1971, 1974; Tlobias et. al., 1946). Fox 
(1974) and Whanger et. al., (1980) reported that selenium exerts its protective 
effects against cadmium and mercury despite the concentration of the metal 
I cadmium or mercury remaining significantly elevated. 
Although pr vention of testicular injury is the most significant inteiaction 
of selenium with cadmium (Gunn et. al., 1966; Kar et. al., 1960; Parizek et. 
al., 1971,1974; Whanger et. al., 1980), reduction of cadmium induced 
mortality, teratogenicity and renal toxicity by selenium have also been reported 
(Flora, 1982; Holmberg and Fern, 1969; Parizek, 1971). The basic 
mechanism of selenium in catalyzing the transfer of cadmium via transport 
proteins is by the high sulphur protein, metallothionein. (Bozkurt and Smith, 
1981). Selenium also blocks injury to the pancreas and impairment of 
carbohydrate metabolism from too much cadmium (Merali and Singhal, 
1976). 
Selenium has been reported to protect against both inorganic and 
organic mercury toxicity without a reduction of mercury levels in the tissues 
(Groth et. al., 1973; Iwata et. al., 1973; Johnson and Pond 1974; Potter 
and Matrone 1974; Skerfring, 1978; Welsh and Scares 1976; Stoewsand 
et. al., 1977). Although mercury / selenium ratio is usually close to 1:1 in most 
tissues (Kosta et. al., 1975), a much smaller molar quantity of selenium is 
capable of protecting against neurotoxicity (Ganther and Sunde, 1974). 
Selenium does not produce beneficial effects against mercury toxicity 
under all situations Methyl mercury significantly depressed weight gams in 
chicks and selenium markedly enhanced this effect of mercury (Sell and 
Horani, 1976) Selenium decreases the deposition of mercury in chick livers 
but caused an increased deposition of mercury in liver of Japanese quail 
Chen and Co-workers (1975a) reported that selenium did not divert methyl 
mercury binding as it did with inorganic mercury. 
Glynn and Linda (1995) reported that selenium supplementation 
affected both mercury accumulation and intracellular distribution in brain 
: whereas selenium has no effect on the kidneys. Bjorkman et. al., (1995) 
reported the role of selenium in the retention of mercury in brain Selenium 
(both inorganic and organic forms) protect animals against the toxicity of 
methyl mercury (Ganther et. al., 1972; Johnson and Pond, 1974; Potter 
and Matrone, 1974). 
Shaver and Mason (1951) were the first to show that salts of silver 
promoted the development of liver necrosis in vitamin E and selenium deficient 
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rats Whanger (1976) reported that 4.0 ppm selenium almost completely 
protected against the effects of 800 ppm of dietary silver. In ducklings, high 
dietary levels of selenium have been reported to be effective in overcoming 
the lesions due to silver (Van VIeet, 1977). 
The depression in GSHPx activity by silver can be overcome by 
selenium administration (Wagner et. al., 1975), This protective effect of 
selenium against silver toxicity is associated with an increase rather than 
decrease in tissue silver concentrations. Selenium causes greater increase of 
silver in the liver than in the kidneys. Hence selenium appears to counteract 
silver toxicity by causing an increased deposition in tissues. 
Death m rats due to thallium poisoning has been reported to be 
prevented by the parental administration of selenate (Hollo and Zlatarov, 
1960). Oral administration of selenate prevented the toxicity of thallium and 
the content of thallium in liver, kidneys and bones v^as substantially increased 
(Rusiecki and Brzeginski, 1966). Injection of thallium acetate has been 
reported to increase the retention of both thallium and selenium in rat kidneys 
and liver with decrease in pulmonary and urinary excretion of selenium 
(Levander and Argrett, 1969). 
Arsenic was the first toxic trace element reported to counteract 
selenium toxicity where interaction between trace elements was clearly 
I recognized. (Moxon, 1938). This action is unique to arsenic sulfides, realgar 
and orpiment. Olson et. al., (1963) reported that under certain conditions, 
arsenic blocks the biosynthesis of dimethylselinide when Se and As were 
taken together in water at high levels, their toxicity's have sometimes proven 
to be additive, not counterprotective as when administered in the diet. 
Selenium deficiency has no effect on splenomegaly, hematocrit or red 
cell mechanical fragility of rats poisoned with 250 ppm lead in the drinking 
water (Levander et. al., 1977). High levels of dietary selenium (2.5 -5.0 ppm) 
partially protected against the decreased erythrocyte deformability observed in 
lead poisoned Vitamin E deficient rats. Lead has been shown to have no effect 
upon the volatilization of selenium ( Levander and Argett, 1969). 
Supplementary Se has been reported to counteract lead toxicity (Cerklewski 
and Forbes, 1976; Rastogi et. aL, 1976; Bell et. al., 1977). 
Copper deficiency results in low selenoglutathione peroxidase (Se -
GSHPx), a selenium dependant enzyme. The synthesis of selenium 
dependent glutathione peroxidase (Se-GSHPx) due to pre-translational 
regulation (Moriarty et. al., 1995). Selenium has been reported to protect 
neuronal cells against neurotoxic effects of vanadium by mairitaining the 
I availability of antioxidant non-protein sulfyhdryl groups (Haider et. al., 1988). 
2.4 Free Radical Mechanism 
Free radicals are highly reactive chemical species characterized by an 
odd number of electrons or by pairs of electrons of similar directional spin 
isolated singly in separate orbitals (Black, 1987). Free radical reactions arise 
from (a) Exposure of cells and their organelles to ionizing radiation, (b) non-
enzymatic reactions and (c) enzymatic reactions. Apart from these the other 
sources of free radicals in biological systems are : 
(i) Environmental Sources : 
X-rays irradiation, light, air, pollutants, insecticides, herbicides and drugs 
ii) Chemical Sources : 
Inorganic metals and organic quinine, thiols, flavins etc. 
iii) Biological Sources : 
(1) non-catalytic heme proteins, 
(2) catalytic - membrane enzymes of mitochondna, microsomes 
plasma membranes and soluble enzymes - Xanthin oxidase extra 
cellular ceruloplasmin 
Molecular oxygen (O2), though presents a unique status for aerobic 
organisms yet due to bi-radical nature it is prone to the formation of free 
radicals upon single electron addition. The major reactive O2 species 
superoxide anion (O' ), hydrogen peroxide (H2O2) and hydroxyl ion (OH) are 
derived from the mono- di- and trivalent reduction of O2 , respectively 
(Procter and Reynolds 1984) The O2 and its metabolites thus produced are 
potentially cytotoxic clastogenic and deletenous (Richter 1988; SImIc 
et.al.,1989). The cytotoxic metabolites of O2 have been demonstrated to be 
involved in the peroxidation of membrane lipids, consequently altering 
membrane composition, morphology and function (Cavarocchi et.al., 1986). 
Hidefuku (1984) hypothesized that free radical may depress or inhibit the 
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repair of sublethal damage of DNA which has been brought about by | 
hyperthermia or enhanced lethal damage . The net effect of free radical 
reaction is irreversible (Segal 1988). Free radicals have a ubiquitous role in 
the biology of disease and tissue injury. (Freeman and Crapo 1982; 
Halliwell and Gutteridge 1985,1989). According to Harman (1981) the 
damage produced by the free radicals could be expressed as (a) cumulative 
oxidative alterations in collagen, elastin, and DNA itself.(b) breakdown of 
mucopolysacchandes through oxidative degradation, (c) accumulation of 
metabolicaily inert substances such as ceroid and age pigments by oxidative 
polymerization reactions, (d) changes in membrane characteristics of 
mitochondria and lysosomes and (e) fibrosis of arterioles and capillaries 
secondary to vessel injury by products resulting from a peroxidation of serum 
and vessel-wall components. 
The liver and the lung have long been known to be organs vulnerable 
to oxidative stress The brain, with its high lipid content, high rate of oxidative 
metabolism, and low level of free-radical eliminating enzymes is the prime 
target of free radical mediated damage. The localization of antioxidant 
systems primarily to glia rather than neurons (Raps et. al., 1989; Savolainen 
1978), while providing a first line of defense, renders the neurons especially 
susceptible to toxicants successfully traversing this barrier. Mammalian brain 
contains large amounts of substrate that are susceptible to free radical attack 
such as unsaturated lipids and catecholamines. The involvement of free 
radicals in hyperoxia, ischemia, trauma, stroke and transition metal dependent 
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reactions in the brain has been widely reported (Halliwell and Gutteridge 
1985; Braughter and Hall 1989; Floyd 1990) 
Several diverse neurotoxic and neuropatholgical events lead to excess 
formation of free radicals. Kehrer et. al., (1988) proposed the association of 
variety of drug and chemical pathogens with free radical mechanisms. Any 
imbalance of cellular redox status in favour of greater oxidative activity leads 
to several kinds of macromolecular damage, such as disruption of genomic 
function by alterations to DNA, or impairment of membrane properties by 
attack on proteins or lipids. Lipid peroxidative events are especially hazardous 
since lipoperoxy radicals can initiate oxidative chain reactions (Freeman and 
Crape, 1982). 
Since oxygen is ubiquitous in aerobic organisms, oxygen-centered free 
I radicals have been implicated in several physiological, toxicologicai, and 
pathological phenomena. Superoxide anion and hydroxyl radical are oxygen-
centered radicals, hydrogen peroxide is a potent cellular toxicant that lacks 
\ unpaired electrons The terms reactive oxygen species(ROS) or oxygen 
radicals are used to describe all oxygen-centered radicals and non -radicals. 
Oxygen radical - Induced damage is normally maintained at low levels due 
to the presence of a range of protective factors. The precise nature of 
oxygen radical produced in the CNS is by no means clear. The difficulty of 
establishing this with certainty is due to short half-life and rapid 
interconvertability of many of the putative key species ( Le Bel and Bendy 
]1991) Metals catalyze the formation of excess reactive oxygen species 
(ROS) by independent mechanisms that may act in concert, although 
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initiated by a single metal The ability of a metal ion to exist in several 
valence states, and thus transfer single electrons, is found in many metals 
The neurotoxicity of manganese is thought to be specifically due to its short 
half-life and rapid interconvertability of many of the putative key species ( Le 
Bel and Bendy 1991), Metals catalyze the formation of excess reactive 
oxygen species (ROS) by independent mechanisms that may act in 
concert, although initiated by a single metal. The ability of a metal ion to 
exist in several valence states, and thus transfer single electrons, is found in 
many metals. The neurotoxicity of manganese is thought to be specifically 
due to its capacity to catalyze the autooxidation of catecholamines. Methyl 
mercury is able to increase cerebellar rates of ROS generation (Le Bel et. 
al., 1990) Thallium owes some of its neurotoxicity to the fact that it can 
partially substitute for potassium and interfere with critical functions of 
potassium The ability of this element to exist in both mono and tnvalent 
states may account for its enhancement of lipid peroxidation in the striatum 
(Hasan and Ali 1981) . 
Both organic and inorganic lead enhance the rates of lipid peroxidation ! 
or ROS formation (Ali and Bondy 1989; Le Bel et. al., 1990; Ramstock et 
al., 1980; Rehman 1984). Lead neither has a major affinity for sulfhydryl | 
I groups nor does it readily undergo valence flux under physiologica 
conditions The induction of hyperactivity by a toxic chemical may be \ 
sufficient to lead to enhanced ROS production, probably by way of 
increasing cytosolic levels of free calcium. Adonaylo and Otelza(1999) have 
suggested that cellular damage mediated by free radicals can be involved in 
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the pathology associated with Pb intoxication Induced oxidation events are 
significant component of the neurotoxicity of the metals , 
The action of free radical on biological system has the potential for 
disturbing the balance of pro-oxidants and anti- oxidant. Pb2+inducea 
I disruption of the prooxidant/antioxidant balance in the brain could induce injury 
via oxidative damage to critical biomolecules. The possible involvement of free 
i radical- mediated damage to cell components is supported by several 
repor1s(Monteiro et.al.,1985 ;Quinlan et. al.,1988 ;Hermes-Lima et. al., 
1991; Bechara et. al., 1993 Jiun and Hsien 1994; West et. al., 1994) To 
control and reduce the free radical induced cellular damage, the organism 
has a compensatory mechanism, which composes the most important 
variable in controlling or preventing free radical reactions. These defenses 
include some naturally occurnng antioxidants as well as exogenous agents 
that have been proved useful. Some of these are water soluble or confined 
'. exclusively to non polar environment such as ascorbic acid and tocopherols, 
respectively The other anti-oxidants that have received maximum attention 
in biological systems include selenium and the thiol containing compounds 
like glutathione and the enzymes of glutathione cycle (Flohe et. al., 1976; 
Kosower and Kosower, 1978). 
Antioxidants are divided into major classes : 
(i) Preventive antioxidants: These antioxidants interfere witfi the 
initiation of the free radical chain reaction e.g. catalase and other peroxides 
and the chelators of the metal ions. 
38 
(ii) Chain Breaking antioxidants : They interfere with chain propagation 
They comprise superoxide dismutase, which acts, in the aqueous phase 
and reduces the superoxide anion, similarly uric acid 
and vitamin E act in the lipid phase to reduce the lipid peroxy radicals 
(Ghana et. a!., 1979 ; Halliwell and Gutteridge 1985). 
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Fig 3.1 :- Albino Rat. 
3. MATERIALS AND METHODS: 
3.1 Materials 
Male albino rats of charles Foster strain,(Fig. 3.1) weighing 150± 20 
gm. were obtained from the Central Animal House of J.N. Medical College, 
A.M.U., Aligarh. They were fed commercial diet (Hindustan Lever Laboratory, 
Bombay) and water ad libitum and maintained in normal laboratory conditions 
with light dark cycle of 12:12 hrs. 
3.2 Methods 
3.2.1 Experimental Design 
Animals were divide into four groups of six rats each Group I, II and III 
were the experimental group whereas rats of group IV served as control. 
Group -1 : Freshly prepared dose of sodium selenite (0.7 mg./kg. b.wt.) 
was administered intraperitonially (i.p.) daily for 7 days. 
Group - II : The animals of group II were administered intraperitonially, 
sodium selenite (0.7 mg./kg. b.wt) in combination with lead 
acetate (8 mg./kg. b.wt) for 7 days. 
Group - III ; Lead acetate (8 mg./kg. b.wt) was administered intraperitonially 
daily for 7 days to animals of this group. 
42 
Fig 3.2 :- Dorsal view of rat brain. 
Group - IV : Animals of this group served as control and an equal volume 
of physiological saline was given concurrently. 
3.3 Dissection of brain into discrete regions: 
Cervical dislocation. 
For biochemical studies, where perfusion of the rat brain was not 
required, the animals were killed by cervical dislocation - One of the most 
acceptable methods of euthanasia. 
The control as well as experimental rats were grasped at their neck 
near the base of skull, with the thumb and forefinger of one hand, handlimbs 
and tail with the other. A swift but controlled motion separated the cervical 
vertebrae from the base of skull. This resulted in instantaneous loss of 
consciousness and loss of all vital signs within a few minutes. 
3.4. Neurobiochemical Studies 
The rats were killed after drug administration and the brain (Fig-3.2) 
was removed immediately and placed on ice. Thereafter bra^n was dissected 
out into cerebrum, cerebellum brain stem and spinal cord according to the 
method of McEwen and Praff (1970) (Fig 3.3). Different CNS regions were 
then cleaned with normal saline to remove the blood clottings and weighed 
accurately to the nearest milligram. Each part was separately homogenized 
44 
Fig 3.3 :- Dissected brain regions of rat CNS (McEwen and 
Praff, 1970) Where A-^Cerebrum,B-> Cerebellum, 
C ^ Brain Stem, D^Spinal Cord. 
in chloroform: methanol (2:1 v/v), but for the estimation of enzyme activity, 
the brain was homogenized in their respective buffer to give 10% {\NN) 
homogenate The vahous neurochemical parameters were studied 
according to the following methods. 
Parameters 
1. Cellular components 
Total lipids 
I Cholesterol 
j Phospholipid 
I Gangliosides 
i 
: Proteins 
:i 
Nucleic Acids 
I) DNA 
II) RNA 
2. Free Radical system 
Lipid Peroxidation 
Superoxide Dismutase 
3. Antioxidant enzymes 
Glutathione Reductase (GR) 
Glutathione Peroxidase (GSHPx) 
Methods 
Woodman and Price (1972) 
Zlatiset. a!., (1954) 
Marlnetti(1962) 
Polletet. al., (1978) 
Lowry et. al., (1951) 
Burton (1956) 
Dische (1955) 
Utleyet.al.,(1967) 
Marklund and Marklund (1974 
Hazelton and Lang (1985) 
Lawrence and Burk(1976) 
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Catalase (CAT 
4. Antioxidant Substances 
Total Sulphydry) groups (T-SH) 
Free Sulphydryl groups (GSH) 
Protein bound sulfhydryl 
Glutathione oxidized (GSSG) 
GSSG/GSH Ratio 
5. Neurotransmitter systems 
(i) Cholinergic 
Acetylcholinesterase (AChE) 
(ii) Catecholaminergic 
Monoamine oxidase (MAO) 
Monoamines 
Aebi and Sutter (1974) 
Sedlack and Lindsay (1968) 
Sedlack and Lindsay (1968) 
Sedlack and Lindsay (1966) 
Folbergrova et.al., (1979) 
Ellman et.al., (19611 
Tabor et.aL, (1953) 
Welch and Welch (1959) 
3.5 Brain Lipids 
3.5.1 Extraction of Lipids from Discrete Brain 
Areas: 
Different parts of the brain (50-200mg) were homogenized in a glass 
homogenizer to a final volume of 6ml chloroform-methanol (2:1, v/v) according 
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1 iiz 3.4 :- Sintered glass funnel (G-4). 
to the method of Folch et.al., (1951). This method was partly modified in our 
laboratory (Islam et.al., 1980) for isolation of lipids from discrete areas of 
thebrain. Each homogenate was shaken periodically for an hour and filtered 
through sintered glass funnel (G-4) under vaccum (Fig-3.4). The residue of 
each test tube was again homogenized with fresh 2ml chloroform-methanol 
mixture (2:1) and filtered. The test tubes were rinsed with fresh chloroform-
methanol mixture (2:1) and again filtered. The final volume of each extract 
was made upto 10ml with fresh chloroform-methanol mixture (2:1). Thereafter 
, 25 ml of normal saline solution was added to the extract in each test tube 
(4:1 v/v). This was shaken vigorously on cyclomixer and placed at-20 °C in a 
deep freeze overnight for complete separation of the two layers. The junction 
of the two layers in each test tube was marked. The upper layer was used for 
the estimation of gangliosides and desired amount of the layer of each test 
tube was collected in stoppered tube with the help of syringe (Fig. 3.5) and 
stored at -20 °C for 24 hours. The test tube in which the two layers were 
separated, were dried and the volume of the lower layer of each test tube was 
measured. This extract was used for the estimation of total lipids, 
phospholipids and cholesterol. 
3.5.2 Estimation of Total Lipids 
Total lipids were estimated according to the method of Woodman and 
Price (1972) as follows : 
49 
a •= 
L 
Fig 3.5 :- Special syringe with a long needle. 
Principle :- Colour was developed with the help of colouring reagent 
(phospho-Vanillin) in the presence of H2SO4 and O.D. was read at 540nm. 
H2SO4 acts upon the double bonds on lipids to produce carbonium ion 
which simultaneously reacts with phosphate ester of vanillin to form a 
coloured complex. 
Chemical and Reagents-
1 Standard Solution ::-Standard solution of 0.5mg brain lipids/ml of 
chloroform-methanol mixture (2:1) was prepared by diluting 1.0 ml 
refrigerated stock solution (50 mg brain lipids /10ml chloroform-methanol) in a 
10ml standard flask and made up the volume to 10.0ml with chloroform-
methanol mixture (2.1,v/v). 
2. Colouring reagent :- 6.0gm potassium dihydrogen orthophosphate and 
0.3gm vanillin were dissolved by heating in a 100ml volumetric flask and the 
volume was made upto 100.0ml with double distilled water (DDW) 
3. Cone Sulphuric acid 
4. Brain lipids .- Lipids were isolated from the rat brain by the method of Folch 
et.al., (1951), as described in the extraction of lipids from discrete brain areas. 
The extract was vacuum dried at 40 °C and dried lipids were 
stored at 0-5 °C. 
Procedure:- 0.1ml of duplicate brain extracts and a duplicate set of standard 
with 50 to 500 Mg of brain lipids were taken in18 x 150mm corning test tubes 
2.5ml cone sulphunc acid was added to each test tube and heated in boiling 
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water bath for 20 mins. After cooling ,5.0ml colouring reagent was added and 
absorption was read at 530nm exactly after lOmins. against reagent blank 
A calibration curve with different concentration (100-600pg)of standard 
brain lipids (extracted from rat brain ) was prepared by the above procedure. 
The values of the standard curve were plotted by least square method 
Calculation : The concentration of total lipids in brain samples were 
calculated by the following formula :-
Total lipids (mg/g fresh weight) = C X V 
Vt X Wt 
Where, 
C = Concentration of lipids in pg in 0.1 ml brain extract 
V = Total volume of lower layer 
Vt = Volume taken for estimation 
Wt = Fresh weight of the tissue in mg 
The above formula was also used for calculating the concentrations of the 
phospholipids and cholesterol. 
3.5.3 Estimation of phospholipids 
Phosphate of the phospholipids was estimated by the method of 
Marinetti (1962). 
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Principle - Organic phosphorus of phospholipids was converted to inorganic 
phosphorus by digesting the lipids with perchloric acid, when acid hydrolysate 
IS treated with molybdate, it forms phosphomolydic acid with inorganic 
phosphorus Thus phosphomolybdic acid is reduced by addition of 1,2,4-
aminonaphthal sulphonic acid (ANSA) reagent to produce a blue coloured 
complex The intensity of the blue colour which is proportional to the amount of 
inorganic phosphorus present, was read at 700nm. Inorganic phosphate 
content was multiplied by 25 to a lecithin equivalent to organic phospholipids 
Chemicals and Reagents:-
1.Standard Solution :-A standard of 0.01 mg inorganic phosphate /mi was 
prepared by diluting 50 ml refrigerated stock solution (0.439gm 
KH2PO4/500ml DDWi in a 100ml standard flask with DDW. 
2. Perchlonc acid 70% AR 
3. 2.5% Ammonium molybdate solution 
4. Reducing reagent > S.Ogm of sodium bisulphite, 0.6gm Sodium sulphite j 
and 0 05gm recrystaiysed 1-amino-2-naphthol-4-sulphonic acid (ANSA) were 
dissolved in 25ml DDW A slight yellow solution thus obtained was stoied in 
I ambe! coloured bottle The colour is stable for a week at room temperatiire. 
5. Recrystahzation ot ANSA - 15.0gm sodium metabisuiphite,1.0gm sodium 
sulphite (anhydrous) and 1.5gm crude ANSA were dissolved in 100ml DDW by 
heating on the boiling water bath Hot solution was filtered through ttie filter 
paper 1 Omi cone HCI was added in the filtrate and stirred. Precipitate was 
filtered with suction pump and washed with about 30ml double distilled water 
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and finally alcohol till washing is colourless. This purified ANSA was dried in 
oven at 100 °C for 1 hr. with least possible exposure to light and was 
transferred to amber coloured bottle. 
Procedure :- 0.2 ml of duplicate brain lipid extract (lower layer) was placed in 
18 X 150mm corning test tube and all the solvent were dried up by heating on 
a boiling water bath. 1.0ml AR grade 70% perchloric acid to the samples and 
heated on a digester for 30mins. or until the samples became clear. Thereafter 
5ml ammonium molybdate, 0.2ml reducing agent and 7.0ml DDW were added 
with vigorous shaking after each addition .The test tubes were heated on 
boiling water bath for 7 mins. A calibration curve was prepared with 1pg to 8pg 
of phosphorus and 1.0ml perchloric acid alone. 
Calculation :- The absorption is a linear function of the phosphorus content 
and the amount in unknown sample can calculated by direct proportion with 
the absorbance obtained for the standard . The amount of phospholipid was 
calculated by multiplying with a factor of 25. 
3.5.4 Estimation of cholesterol 
Cholesterol was estimated according to the method of Zlatis 
at. al., (1954). 
Principle:- Cholesterol when dissolved with acetic acid in the presence of 
FeCl3.H2S04 reagents get dehydrogenated to 3,5 cholestadiene or 
2,4 cholestadiene which simultaneously polymerises and react with FeCb to 
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form a violet colour complex which is measured spectrophotometrically at 
570nm. 
Chemicals and Reagents :-
1. Standard solution : For stock solution ,10mg cholesterol was dissolved 
in 10ml chloroform. The working standard was prepared by diluting 1.0ml of 
the stock solution to 25ml chloroform, so that 1ml of this solution contains 
0.04mg cholesterol. 
2. Glacial acetic acid 
3. FeCia 
Procedure:- 0.05ml of different parts of brain extract in duplicate were taken 
in 18 X 150mm test tubes and placed in boiling water bath until the solvent 
was completely evaporated. The dried extracts were dissolved in 3,0ml of 
glacial acetic acid. Then 2.0ml of working FeCIs was added to the test tubes. 
The contents were thoroughly mixed .The tubes were kept in dark for 30 
minutes and the O.D. was then measured at 570nm. Reagent blank and 
standard cholesterol solution were also run simultaneously. 
Calculation:- The cholesterol concentration in brain samples were calculated 
by the following method. 
Cholesterol (mg/g tissue weight) = C x V > ^ 
• / ) •' I 
VtxWt , - ^ ^cc. No...- ••• ' - - ' 
Where, W^ -f-^^" / • .-' 
C = Concentration in pg in 0.05ml brain extract. 
55 
V = Total volume of lower layer. 
Vt = Volume taken for estimation. 
Wj = Fresh weight of the tissue in mg. 
3.5.5 Estimation of gangliosides 
Gangliosides were estimated according to the method of Pollet et.al., 
(1978). 
Principle:-Bound sialic acids In the gangliosides were isolated carefully 
without their degradation. When samples were heated at 100 °C in a boiling 
water bath for 30 minutes in resorcinol reagent, the pentose sugar moieties 
break up and make a coloured complex with resorcinol reagent. This coloured 
complex IS extracted in organic solvent (butylacetate and n-butanol : 85:15 
v/v) Organic phase was taken and absorbance was measured at 580nm 
Chemicals and Reagents : 
1. Standard solution : A standard solution of lOOpg N acetyl neuraminic 
acid /ml DDW was made by diluting 1.0ml of the refrigerated stock solution 
(10 Omg N-acetyl neuraminic acid dissolved in 10ml DDW) to the final volume 
of 10 0ml with DDW. 
2. Resorcinol Reagent :- This was prepared by mixing lO.OmI of 3% resorcinol 
solution in DDW, 80ml Cone. HCI, 0.25ml 0.1 M Copper sulphate and DDW 
upto 100ml 
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Procedure :- To 2 0 ml of the upper layer of the lipid extract, 2 0ml of 
resorcinol solution was added The test tubes were heated on boiling water 
bath for 30 mins After cooling 5.0ml of a mixture of n-butyl acetate-n-butanol 
(85:15, v/v) was added to each tube. The tubes were shaken thoroughly and 
kept for 15 mm. to separate the organic phase. About 3-4ml of the organic 
phase was taken and absorbance was measured at 580nm against a reagent 
blank A standard curve with different concentrations of N-acetyl neuramin'c 
acid (5-30 |jg) having 2.0rnl final volume of DDW was prepared by the similar 
procedure 
Calculation :- The gangliosides concentration in different brain parts was 
calculated by the following formula 
Ganglioside (mg/g fresh vA.) = C x V 
Vt X Wt 
Where, 
C = Concentration in pg in 2.0ml extract 
V = Total volume of the upper layer 
V, = Volume taken for estimation 
Wt = Fresh weight of the tissue in mg. 
3.6 Estimation of Rate of Lipid Peroxidation 
The amount of malonaldialdehyde formed /30 mins.during lipid 
peroxidation was estimated according to the method of Utiey et. al., ( 1967) 
Principle :-TBA reacts with lipid peroxide, hydroperoxides and oxygen labile 
double bond to form the colour adducts. 
Chemicals and Reagents :-
1. 0.15 m Potassium chloride : 2.2368 g. KCI dissolved in 200ml, DDW 
2. 10% (w/v)TrichloroaGetic acid (TCA) : 10.0 gmTCA dissolved in 100 ml . . 
DDW 
3. 0 67% 2-Thiobarbituric acid (TBA) :-This was prepared by dissolving 0.67 
gm. ofTBAin25-50ml,DDW by adding two pellets ofNaOH.The pHofthe 
solution was adjusted to 7.2 with the help of 1 N HCI and the volume was 
made upto 100 ml. with DDW. 
Procedure : Different parts of the brain were homogenized (10%) w/v) in 
chilled 0.15 M KCI. 1 ml, of each homogenate was taken in a 25 ml. conical 
flask and incubated at 37±1 °C in a metabolic shaker (120 strokes / min., 
amplitudel cm.) for 2 hours. Thereafter 1.0 ml. of the same homogenate was 
pipetted in centrifuge tube, and protein was precipitated by adding 1.0 ml. of 
10% TCA After incubating 1,0 ml, of 10% TCA was added to each sample 
and both incubated as well as non-incubated samples were centrifuged at 
3000 r p,m, for 10 min. 1 ml. of the clear supernatant was mixed with 1.0 
ml. of 0 67% TBA and 1.0 ml DDW and the tubes were placed in a boiling 
water bath for 10 min. , cooled and absorbance was measured at 535 nm 
Calculation : - Lipid peroxidation was calculated using the following 
formula -
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X = OP X 30 X 1000 X 1000 x 1000 x 3 x 2 
1.56 X 100000 X 100x180 
or X = ODx 10 
156 
Where. 
X - nanomoles of malondialdehyde formed /30 min. 
OD = Change of optical density at zero hour and 2 hour 
incubation of the sample, 
3.7 Estimation of Superoxide Dismutase 
(SOD) 
Superoxide dismutase was measured by the method of Marklund 
and Marklund (1974). 
Principle :- Depends upon autoxidation of pyrogallol 
Pyragallol + O2 Autoxidation ^ Oxidation products +O2 (i) 
2O2 + 2H" SOD , O2 + H2O2 (ii) 
I Chemicals and Reagents :-
! 1. 0.05 m Tris-succinate buffer (pH - 8.2): 606 mg. tris is dissolved in 
approximately 60 ml DDW. To this, 39.3 mg. EDTA was added and the pH 
was adjusted to 8.2 with succinic acid solution. The volume was then 
made to 100 ml with DDW. 
2, Succinic acid solution (0.05 m.) : 590 gm. succinic acid was dissolved in 
100 ml. DDW 
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3. Pyrogallol solution (8 mM.) :-100mg. pyrogallol was dissolved in 100 ml 
DDW. This solution was prepared fresh on the day of experiment 
Procedure :- Different saline cleaned CNS parts were homogenized (10% 
w/v) in chilled 0 15 M KCI and centrifuged in cold at 10,000 rpm. f o r l S m i n 
A 0.05 ml of clear supernatant was added to 2.85 ml. of 0.05 mM. Tris -
succinate buffer (pH-8 2), mixed well and incubated at 25 °C for 20 min. The 
reaction was started by adding 0.1 ml. of 8 mM. pyrogallol solution. The 
contents were shaken well and change in O.D. per min. was immediately 
recorded for 3 mm at 420 mm. A reference set, consisting of 0.05 ml. of 
DDW instead of the sample solution (Clear supernatant was also run 
similarly). 
Calculation :-
SOD = (A / mm. ref. A / min.sample) x 30 Unit/1 Omg.tissue 
( A / m i n . r e f / 2 x 0 . 0 5 x 1) 
Where, 
A / min ref = change of O.D. per min. in reference set 
A / mm. sample -= change of O.D. per mm. in sample set. 
Activity Unit :- One unit of the enzyme is defined as the amount of enzyme 
which causes a 50% inhibition of pyrogallol autoxidation under assay 
conditions 
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3.8 Nucleic Acids 
Principle : The procedure for the determination of nucleic acids is based on 
the finding that nucleic acids can be separated from other tissue compounds 
by their preferential solubility in hot TCA or perchloric acid. The isolated nuclei 
acids are then quantitated by means of spectrophotometric reactions involving 
the pentose compound of the nucleic acids. 
I 
3.8.1 ^so^ation of Nucleic Acids 
Nucleic acids were isolated following the method of Searchy and 
Macinnis (1970) Different br^in regions were weighed and homogenized in 
5.0ml of 0 5N perchlonc acid. The homogenates was heated at 90 °C in boiling 
water bath for 10min., cooled and centrifuged at 3,000 rpm for 10min 
Supernatants were taken in graduated test tubes and the volume was 
maintained upto 5.0ml with 0.6N perchlonc acid. This extract was used in the 
estimation of DNA and RNA. 
3.8.2 Estimation of DNA 
DNA was estimated following the method of Burton (1956) 
Principle : Dexoyribose is converted into highly reactive hydroxy vulaldehyde, 
which react with diphenylamine (DPA) to give a blue coloured complex. 
Deoxyribose sugar + DNA > hydroxy vulaldehyde. 
Chemical and Reagents:-
1, Diphenylamine reagent 15 gm, diphenylamine was dissolved in about 
50 - 60 ml glacial acetic acid 1.5 ml. cone. H2SO4 was added to it and the 
final volume was made upto 100 ml. with glacial acetic acid. 
Procedure :- 2 0 ml of the perchloric acid supernatant of nucleic acid 
extract was taken in a test tube. To this 4.0 ml. diphenylamine (1.5% in 
CH3COOH-H2SO4 ) reagent was added and the tubes were heated on 
boiling water bath for 15 mm. After cooling, the colour intensity was 
measured at 600 nm against a blank sample (2.0 ml. DDW in place of 
supernatant ) A standard curve was prepared by using standard solution in 
0.5 NHCI04 (100-600 pg) according to the procedure described. The values 
were plotted by the least square method. 
j Calculation :-
DNA = C x V / V t x W t 
i 
! Where. 
i 
C - Cone, in mg. (in 20 ml. extract) 
V = Total volume of the extract (4.0 ml.) 
Vt = Volume taken for the estimation 
Wt = Fresh weight of the brain in mg. 
DNA in the reaction product was calculated using the standard curve of DNA 
that was run simultaneously with the test sample. Results were expressed as 
mg. DNA /gm. fresh tissue weight 
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3.8.3 Estimation of RNA 
RNA was estimated by the method of Dische (1955). 
Principle :- Pentose sugars are converted to furfural derivatives by heating 
with cone HCl In the presence of FeCIs solution the furfural derivatives 
react with oncinoi and produce a green coloured complex. 
Chemicals and Reagents :-
1 Orcinol reagent - 33 0 mg. Ferric Chloride was dissolved in about 50 ml 
cone HCl 3 5 ml 6% orcinol (dissolved in absolute alcohol) was mixed with 
it, and the volume was made upto 100 ml. with HCl. 
Procedure :- 2 0 ml of the supernatant of nucleic acid was taken in test 
tubes. 4 0 mi of the orcinal reagent was added to it. Test tubes were heated 
on boiling water bath for 15 min., cooled and the absorbance was read at 
• 660 nm against a reagent blank. 
Calculation:- Same as for DNA 
RNA content in the samples was calculated using the standard curve 
The results were expressed as mg. RNA/gm fresh tissue weight. 
3.9 Estimation Of Protein 
Protein estimation was done by the method of Lowry at. a!., (1951). 
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Principle:- This method is based on colour reactions of amino acids 
tryptophan and tyrosine with Folin phenol reagent. By the reaction of these 
amino acids with phosphomolybdic acid and phosphotungstic acid (Present in 
Folin's reagent) a blue colour is formed. The colour is the result of reduction 
of phosphomolybdic acid and biuret reaction of proteins with Cu "^" ions in 
alkaline medium O.D was read at 625 nm. 
Chemicals and Reagents :-
1, Standard Solution :- A standard solution of 1.0mg. BSA/ml. was prepared 
Stock standard was diluted ten times to get the working standard of 
100 pg/mi 
2. Copper Reagent ;-
Reagent A 4.0 % Sodium Carbonate in DDW 
Reagent B 2.0 % Copper sulphate in DDW. 
Reagent C 4.0 % (w/v) Sodium potassium tartrate in 
DDW. 
Alkaline Copper Reagent 1.0 ml. of reagent B + 1.0 ml of reagent C 
+ 48 ml. of reagent A were mixed in the 
same sequence. 
i 3 Folin - Ciocalteau Phenol Reagent 
2N solution obtained commercially was diluted 1:1 with double distilled water 
before use 
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Procedure :- Residue left in the test tubes after taking the supernatant"lo7 
nucleic acid estimation, was dissolved in 5.0 ml. DDW. 0.1 ml. of the aliquot 
was taken in the test tubes from this solution and the volume was maintained 
upto 1.0 ml with DDW. To this,5.0 ml. of Copper reagent was added and 
shaken thoroughly on a cydo-mixer. After 10 min., 1.0 ml of Folin -
Ciocalteau reagent was added . Blue colour is developed. O.D is read at 
625 nm exactly after 30 minutes. Standard protein solution (BSA 20-100 ^g) 
and blank were also run simultaneously . 
Calculation :- Protein in the sample were calculated using the standard 
curve of BSA and the results were expressed as mg/g.weight of wet tissue 
3.10 Estimation of Total Sulfhydryl Group 
(T-SH) 
Total sulfhydryl group was estimated according to the method of 
Sedlack and Lindsay (1968). 
Principle :- 5-5' dithoibis - 2 nitrobenzoic acid (DTNB) is reduced by -SH 
groups of glutathione (GSH) in alkaline medium to produce 1 mol. of 2 nitro-5 
mercaptobenzoic acid) per mole of -SH group. The anion (2 nitro-5 
mercaptobenzoic acid) has an intense yellow colour which is used to 
measure-SH group at 412 nm. 
Chemicals and Reagents > 
1 Standard Solution - A standard solution of 2 x 10"~^  M of GSH was 
prepared by dissolving 6.146 mg.GSH in 10 ml. of 0.02 M. EDTA. 
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2 0 15MKCI 
3 0 2 M tris buffer in 0.02 M EDTA, pH 8.2 
i 4 0 01 M DTNB 0.01 M solution of DTNB was prepared by dissolving 
99 mg DTNB in 25 ml of absolute methanol. 
5. Absolute methanol 
Procedure :- Vanous parts of the brain were homogenized in chilled 0 15 M 
KCI and the volume was adjusted to give a 10% w/v homogenate. 1.5 ml, 0 2 
m tris EDTA buffer and 0 1 ml DTNB were added. The mixture was shaken 
and made to 10 ml with 8 3 ml of absolute methanol. The reaction mixture was 
centrifuged at 6000 rpm for 5 min. in cold . The absorbance of the clear 
supernatant was read in cold. The absorbance was read at 412 nm A 
'calibration curve with different concentrations of GSH (61.46-491 68) was 
obtained according to the same procedure as described above. 
Calculation :- Total -SH group in the samples were calculated using the 
calibration curve and the results were expressed as p moles / g tissue. 
3.11. Estimation of Free Sulfhydryl 
Groups (GSH) 
Free sulfhydryl group was estimated by the method Ellman (1959) as 
modified by Sedlak and Lindsay (1968) 
Principle: -Same as for total sulfhydryl group estimation. 
Chemicals and Reagents :-
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i 1. standard Solution- A standard solution of 2 x 10 '"^  M of GSH was 
prepared by dissolving 6.146 mg of GSH in lOml of 0.02 M EDTA 
2 0 015M EDTA 
3. 10%TCA 
4. 0 4 M tris buffer in 0 2 M EDTA , pH-8.9 
5. 0.01 M DTNB 
Procedure :- Brains parts were homogenised (10% w/v ) in chilled 0.015 M 
KCI. 1 ml brain (10%) homogenate was doproteinized by adding 1 ml of 10% 
TCA and centrifuged at 6000 rpm for 5 min. 0.5 ml aliquot from clear 
supernatant was mixed with 0.5 ml DDW. Thereafter 2 ml., 0.4 M tris buffer 
and 0 1ml DTNB were added to it with proper stirnng. The absorbance was 
i 
read within 5 mins. of the addition of DTNB at 412 nm. A calibration curve 
with different concentrations of GSH (61.46-191.68 \jg) was drawn by the 
procedure descnbed above. 
i Calculation :- Free -SH (GSH reduced) in the samples were calculated using 
the standard curve of GSH and the results were expressed as p moles / g 
tissue. 
3.12 Estimation of Protein bound Sulfhydryl 
Groups 
The estimation of protein bound sulfhydryl group was done according to 
the method of Sedlack and Lindsay (1968) 
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Procedure :-According to Sedlak and Lindsay (1968), 
Total SH - Free SH = Protein SH 
Calculation :- The results were expressed as i-i moles of protein SH / g tissue 
3.13 Estimation of Oxidized Glutathione 
(GSSG) 
GSSG was estimated by the method of Folbergrova et.al.,(1979) 
Principle ;- The estimation of GSSG by enzymatic method is based on the 
reduction of GSSG in the presence of NADPH and glutathione reductase and 
the determination of the decrease in NADPH absorbance at 340 nm 
GSSG + NADPH GR > NADP^ + GSH 
+ 
H 
Chemicals and Reagents:-
I) EDTA(1 OmM, 5.0 mM) 
ii) 0.05M N- Ethyl maleimide (NEM) 
•||i)TCA (12%, 5%soln) 
iv) 100 mM Imidazole (glyoxaline) HCI buffer (pH 7.5) 
V) 0.02% BSA 
I VI) 0 002 mM NADPH 
Principle :- The brain parts were homogenised in ice -cold I.OmM EDTA 
solution (10%w/v) An aliquot of the homogenate was immediately transferred 
to tubes containing 0.1 ml of 0.05 M N-Ethyl maleimide(NEM) and allowed to 
stand for 10 mins at 0 ^C after mixing. The proteins were precipitated by the 
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addition of ice -cold 12 0 % TCA giving a final concentration of approximately 
5.0% TCA After thorough mixing the suspension was centrifuged at 0 '^ C for 
10 mins at 3000 rpm The supernatant was extracted four times with solvent 
ether to remove TCA and NEM . Aliquots of supernatant were then used for 
GSSG analysis The reaction mixture consisted of 0.05ml of lOOmM imidazole 
(glyoxaline) HCI buffer (pH-7.5), 0.002 mM EDTA, 0.1 ml of 0.02% BSA. 0 1 
ml cystoiic supernatant (total volume 1.0 ml). The reaction was initiated by the 
addition of enzyme, and the final reading were made when the reaction was 
complete (5 - 10 mins ). Standards of GSSG (15 mM solution range of 1.5 x 
10 •^ ° — 1 0 ^ ) was also run simultaneously. 
Calculation :-GSSG content in the samples was calculated using the 
standard curve and the results were expressed in p mol. GSSG/g of wet 
tissue 
3.14 Estimation of Glutathione Reductase 
(GR) 
Glutathione reductase was assayed by the method of Hazelton and 
Lang (1985). 
Principles:- Glutathione reductase (GR) catalyzes the reduction of 
oxidized glutathione (GSSG) by NADPH to reduce glutathione (GSH) 
according to the following equation : 
GSSG + NADPH + H^ —-GR—-> NADP^ + GSH 
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The activity of the enzyme was measured by following the decrease in optical 
density / minute at 340nm during oxidation of NADPH. 
Chemicals and Reagents :-
1)0.1 MTris HCI buffer (pH - 8.0) 
:n) 1 OmMEDTA 
iii) 13.0 mM GSSG 
iv) 0 1 mM NADPH 
Procedure :- The reaction mixture consisted of 0.1 ml of 1.0 mM NADPH, 0 2 
; ml of 3.0 mM GSSG 0.1 ml of 1.0 mM EDTA ,2.5 ml of 0.1 M Tns - HCl buffer 
(pH - 8.0) and 0.1 ml tissue supernatant (10% w/v in Tris-HCI buffer, enzyme 
source) in a total volume of 3.0 ml. The reaction was initiated by the addition 
of tissue supernatant Oxidation of NADPH was followed at 340nm. Reference 
reaction was also run simultaneously. Protein content in enzyme source was 
also determined (Lowry et al., 1951) Increase in optical density / minute 
was deduced. 
Calculation :-Enzyme activity was calculated using the molar extnction 
coefficient of NADPH (6.22 x 10"^  M"^  cm'^) and results were expressed as 
n mole of NADPH oxidized per minute per mg protein. 
3.15 Estimation of Catalase (CAT) 
Catalase activity was assayed according to the method of Aebi and 
Sutter (1974) 
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Principle :- It catalyzes the following reaction. 
2H2O2 > 2H2O2 + O2 
In the UV range H2O2 shows a continual increase in absorption with 
decreasing wavelength and maximum at 240mm. The decomposition of H2O2 
can be followed directly by the decrease in extinction of 240 nm (E240= 40 
cm^ / |j mole) The difference in extinction (E 240) per unit time is measure of 
the catalase activity. 
Chemicals and Reagents ;-
i) 50 mM Phosphate buffer (pH - 7.0) 
ii) 30 mM Hydrogen peroxide 
0.34 ml of 30% H2O2 was diluted to 100 ml with phosphate buffer. 
Procedure :- Pipetted 3.0 ml of H2O2 phosphate buffer into the cuvette. The 
required amounts of tissue supernatant (cytosolic fraction) as enzyme source 
was added and the contents were mixed thoroughly. The decrease in 
absorbance at 240 nm was recorded after every 30 seconds for 3 minutes. 
Calculation :-Catalase activity in the samples was calculated using the 
standard curve and the results were expressed as Units/mg of proteins 
3.16 Estimation of glutathione peroxidase 
(GSHPx) 
GSHPx was assayed according to the method of Lawrence and Burk 
(1976). 
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Principles:- It measure the rate of GSH oxidation by H2O2 as catalyzed by the 
GSHPx present in the tissue supernatent. The substrate is maintained at a 
constant concentration by the addition of exogenous GSSG-R and NADPH 
which immediately converts any GSSG produced to the reduced form (GSH) 
2GSH + H2O2 —- GSHPx-> H2O + GSSG -—GSSG-R^ GSH+2NADP^ 
2NADPH 
The rate of GSSG formation is then measured by following the 
decrease in absorption of the reaction mixture at 340nm as NADPH is 
I 
converted to NADP"^ 
Chemicals and Reagents > 
i) 50 mM Potassium Phosphate buffer (pH - 70) 
II) 10 mM EDTA 
372 24 mg EDTA was dissolved in 100ml double distilled water . 
iii) 10 mM NaN3 
65.01 mg NaNs in 100 ml double distilled water 
IV) 2 mM NADPH 
166 68 mg NADPH in 100 ml DDW. 
V) 10 mM GSH 
307 32 mg GSH in 100ml DDW 
vi) 2.5 mM H2O2 
vii) Glutathione reductase (Purified enzyme) 
Procedure :- The reaction mixture consisted of 0.5 ml of 50 mM potassium 
phosphate buffer (pH - 7.0), 0.3 ml of EDTA (10 mM), 0.4 ml of NaNa 
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(10 mM), 0 1 ml of NADPH (0.2 mM), GSSG-R (purified enzyme) (1.0 E.U ). 
0 1 ml of GSH (1.0 mM), 0.2 ml of H2O2 (0.25 mM) and 0,9 ml of tissue 
supernatant (10% w/v in phosphate buffer, total volume is 2.5 ml). All 
ingredients except enzyme source (tissue supernatant) and H2O2 were 
combined at the beginning of experiment. Tissue supernatant was added to 
the above mixture and allowed to incubate for 5 mins. at room temperature 
The reaction was initiated by addition of H2O2. Optical density at 340 nm was 
recorded for 5 minutes after 30 seconds interval. Blank reaction with enzyme 
source replaced by distilled water were also carried out to find out the non-
enzymatic change, if any. Protein enzyme source was also determined. 
Calculation :- Enzyme activity was calculated on the basis of molar 
extinction coefficient for NADPH (6.22 x 10 M cm ), Results were 
expressed as n moles NADPH oxidized / min / mg protein. 
3.17 Estimation of Acetylcholinestrase 
(AChE) 
AchE was assayed according to the method of Ellman et, al.,(1961). 
Principle :- AChE estimation is based on the measurement of the rate of 
; production of thiocholine as AChE is hydrolyzed. This is accompanied by the 
continuous reaction of the thiol with 5,5' dithiobis -2 - nitrobenzoate ion to 
produce the yellow anion of 5-thio - 2 - nitrobenzoic acid. 
Chemicals and Reagents :-
j 1. Phosphate buffer (0.1 M, pH - 8.0) 
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2, DTNB Reagent 
39 6 mg of 5,5-dithiobi5 - 2 - nitrobenzoic acicl(DTNB) was dissolved in 10 ml 
of 0.1 M phosphate buffer (pH - 8.0) and 15 mg of sodium bicarbonate was 
added to it 
3. Substrate - 0.075 M acetylcholine iodine 
4 Inhibitor - 10" M eserine sulphate was dissolved in 0.1 M phosphate buffer 
(pH -8.0) 
Procedure :- Saline cleaned and accurately weighed tissue were 
homogenized in 0 1 M phosphate buffer (pH - 8.0) in a concentration of 
10 mg / ml and centrifuged at 1500 rpm for 5 min. 0.4 ml of the supernatant 
was pipetted in a cuvette containing 2.6 ml. of phosphate buffer . To this. 
0 1 ml of DTNB reagent was added and mixed well. O.D. was read at 412 nm 
and absorbance of the suspension was set to zero. 0.02 ml of the substrate 
was added and the change in the absorbance were recorded from 5 to 10 ^  
min. at the interval of one minute. To determine non-specific esterase. 0.1 mi 
of eserine sulphate (inhibitor) was added to another cuvette containing 0.4 mi 
of homogenate supernatant, 2.5 ml of phosphate buffer and 0.1 ml DTNB 
reagent The changes in absorbance were recorded as described above, after 
adding 0 02 ml of substrate. The rate of change of activity of the suspension 
with eserine was subtracted from that of the suspension without eserine The 
enzyme activity is expressed as |J moles of substrate hydrolyzed per gm 
tissue per minute 
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Calculation :-
R = _A X 1 = 5.74(10 )A 
4 
1 36(10 ] (400/3120) Co Co 
Where, 
R = Rate of enzyme activity in moles of substrate hydrolyzed/g tissue/mm 
A = change in absorbance per minute 
Co = Onginal concentration of tissue ( mg / ml). 
3.18 ESTIMATION OF MONOAMINE 
OXIDASE (MAO) 
The activity of monoamine oxidase (MAO) was assayed following 
spectrophotometric method of Tabor et.al, (1953). 
Principle:- The benzylamine undergoes oxidative deamination in the 
presence of MAO and benzaldeyde is formed. 
R-CH2CH2NH2 + O2 + H2O MAO R-CH2CHO + H2O2 + NH i 
Chemicals and Reagents :-
1. 0.5 M Phosphate buffer (pH - 7.2) 
2. Perchloric acid, 10% (AR) 
3. Substrate 0 1 M benzylamine hydrochloride 
' Procedure :- The reaction mixture in a final volume of 2 ml. consisted of 
I 
0.4 ml 0 5 M phosphate buffer (pH - 7,2), 0.1 ml of 0.1 M benzylamine 
hydrochloride and 0 2 ml of brain homogenate (10% w/v in phosphate buffer). 
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The reaction mixture was incubated at 37°C for 30 min. Centrifuging at 
2,500 rpm for 10 min precipitated the proteins. The O.D. of benzaldehyde 
formed was read in the supernatant at 250 nm. against reagent blank treated 
I similar to samples containing 0.2 ml of 0.44 M sucrose instead of the brain 
] 
I homogenate 
Calculation :-
Activity of MAO = 15.385x0.0. 
Protein Cone. 
Where, 
OD = Change in O.D per minute 
The enzyme activity is expressed as n moles of benzaldehyde formed / min / 
mg. protein 
3.19 Estimation of Monoamines 
Monoamines, dopamine (DA), norepinephrine (NE), and Serotonin 
(5-HT) were extracted and estimated according to method of Welch and 
I Welch (1969). 
i Chemicals and Reagents :-
1 n-Heptane (AR) was washed with one fifth volume of IN NaOH followed 
by a wash of IN HCI before use. 
2. n - Butanol ( AR) 
3 Peroxide free ether - Diethyl ether was washed with saturated solution of 
ferrous sulphate to remove accumulated peroxides. Thereafter, washed with 
double distilled water (DDW) to remove the excess of sulphate. 
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4 Ethylenediamine : was redistilled and stored in dark bottle in the cold. 
5. Acetate Buffer (2M, pH- 6 8):- 2M acetic acid was adjusted to pH 6.8 with 
2N sodium hydroxide 
6. Phosphate Buffer (0,5 M, pH- 7.3) :- 77ml. of 0.5 M monobasic sodium 
phosphate (Na2HP04) was mixed with 23 ml. of 0.5 M dibasic potassium 
phosphate (KH2PO4) 
7. Sodium Thiosulphate (0.1N) :- 1.581 g of Sodium thiosulphate 
(Na2S203 5H2O) was dissolved in 100ml DDW and stored in dark bottles 
8. EDTA solution (10%) :- lOg of ethylenediamine tetra-acetic acid (EDTA) 
was dissolved in 100 ml DDW. 
9. Alkaline Sulphite - EDTA solution : 12.6 gm. Sodium sulphite (Nfa2S03 
7H2O ) was dissolved is 100 ml. 10% EDTA solution and diluted to 250 ml 
with 5N NaOH 
10. Alkaline Ascorbic Acid - Ethylenediamine Solution :- 200 mg. of ascorbic 
acid was dissolved in 25 ml. of 0.01 N HCI and added to a mixture of 0.5 ml 
ethylenediamine and 22 5 ml. of 10 N NaOH. This was thoroughly mixed by 
shaking. This reagent was freshly prepared immediately before use. 
I 11. Iodine Solution - 3.175 g iodine together with 12.5 g. of sodium iodine 
were dissolved in 250 ml. of DDW and stored in dark coloured bottle in cold 
12 Stock Solutions -The solutions of dopamine, norepinephrine and serotonin 
were prepared in 0.01 N HCI at a concentration of 100 pg / ml. and stored in 
refrigerator 
• ; / -
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13 Standard Solutions :-0n the day of experiment, the stock solutions were 
diluted with 0 01 N HCl to get working standard solutions corresponding to 
100 ng / ml of NE and 200 ng. /ml of DA and 5. HT 
3.19.1 Extraction of Monoamines 
The brain parts were homogenized in 1.5 ml. ice-cold 0.01 N HCl, 10 ml. of 
10% EDTA was added to the homogenate and then transferred to glass 
stoppered bottles containing 2.5 ml, of n-butanol and 4g of NaCI. The bottles 
kwere shaken for 10 min. on a reciprocating shaker at about 250 
excursions / mm. and centrifuged at 3,000 rpm. for 10 min. in cold. The 
butanol layer was separated and transferred to another set of glass-
'ptoppered bottles containing 40 ml. n-heptane. 1.5 ml. of 0.5M phosphate 
^Duffer (pH-7 3) was added to heptane: butanol mixture. The bottles were 
I 
shaken again for 10 min. and centrifuged at 2000 rpm. for 8 mins. in cold. At 
this stage it was necessary that the pH of phosphate buffer should not be 
lallowed to drop below 7.0 for even if the pH dropped only to 6.5 - 6 8 the 
recovery was greatly reduced. The phosphate buffer (1.5 ml.) was drawn 
^rom butanol phase and transferred to clean 30 ml. bottle and was acidified 
l^ith 3N HCl to pH 3.5 - 4. Thereafter 20ml. of peroxide free ether was added 
I 
and the bottles were shaken for 10 mins. and centrifuged at 2000 rpm. for 10 
fnins in cold The acidic aqueous layer was taken from bottom with 0,5 ml 
picropipette and three 0.5 ml. aliquots were collected separately in cola 
These were used for the determination of DA, NE and 5-HT respectively 
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3.19.2 Analysis of Monoamines 
The samples of monoamines obtained after extraction, were analyzed 
using F- 2000 fluorescence spectroflurometer ( Hitachi, Japan ) according to 
the following procedures :-
1) ESTIMATION OF 5 - HT 
0.5 ml. of the sample was mixed with 0.5 ml. of 6 N HCI and its native 
fluorescence was immediately read at 295/535 nm using 5 mm slit 
Thereafter these tubes were used as blanks for DA analysis. 
2) ESTIMATION OF NOREPINEPHRINE 
To each 0.5 ml. extract, 0.5 ml., 2 M acetate buffer,0.1 ml. iodine solution, 
0.15 ml., 0.1 ml. sodium thiosulphate and 0.2 ml. alkaline ascorbic 
acid - ethylenediamine mixture were added in respective order, thereby 
making a total volume of 1.4 ml. Each reagent was added after an interval of 
5 mm. and the viscous mixture was thoroughly mixed by shaking The 
fluorescence was recorded at 410 / 5 10 nm. using 2 or 3 mm. slit. 
3 ) ESTIMATION OF DOPAMINE 
0.5 ml. extract was mixed at 5 min. intervals with 0.5 ml. 2 M acetate 
buffer, 0.1 ml iodine solution, 0.2 ml. alkaline sodium sulphite - EDTA 
solution and 0 2 ml. 11 glacial acetic acid- HCI mixture, respectively to make 
a final volume of 1.5 ml. The tubes were placed in boiling water bath for 45 
mins and then allowed to cool at room temperature. Fluorescence was read 
within 1-2 hr. at 335 / 380 nm using 2mm. slit. 
Preparation of Standard Curve :- The standard cun/e for DA NE 
and 5-HT were prepared by analyzing fluorometricaily (as described 
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in "Analysis of Monoamines"), the standard amine solutions in the 
range of 0 1 ml - 0 7 ml. corresponding to 10 ng - 70 ng of NE and 
20 ng - 140 ng each of DA and 5-HT. 
3.20 Statistical Analysis 
The data obtained were statistically analyzed by student's ' t ' test 
method using the following formula : 
t - ld_ 
s / n 
where, 
s = standard deviation 
n ~ no of observation 
d = mean of difference between control and expenmental 
values 
'p ' values were obtained from student's ' t ' test table using the't" 
values calculated to find significant changes, 
p ' values of 0.005. 0 01 and 0.001 were regarded as significant. 
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4. RESULTS: 
4.1 Physical sign and symptoms of lead 
and selenium intoxication 
Following the administration of lead acetate signs of irritability, 
hyperexcitability and biting behavior were observed in rats. In sodium selenite 
supplemented rats significant decrease of these factors was observed in 
comparison to lead acetate administrated rats. 
4.2 Calibration of Standard Curves 
The standard curves of different known concentrations of total lipid, 
phospholipid, cholesterol, gangliosides, DNA, RNA, protein, GSSG, GSH, 
MAO, DA, NE, 5-HT were calibrated against their optical densities (O D ) 
respectively. The concentration of various lipid fractions was calculated from 
individual standard curves. 
4.3 Neurobiochemical Observations 
The neurobiochemical parameters chosen for determination of the 
regional changes occurring in different regions of central nervous system, 
following selenium intoxication individually as well as in combination with lead 
are as follows. 
4.3.1 Brain Lipids 
The change in levels of total lipids, phospholipids, cholesterol and 
gangliosides in different regions of rat brain and spinal cord after 7 days 
intoxication by selenium and lead individually as well as in combination are 
presented as given below. 
4.3.2 Total Lipids 
Table 1 shows an increase in the total lipids level in different regions 
of rat brain and spinal cord following selenium intoxication. The order of 
increase in different regions was as follows : 
Cerebrum < Cerebellum < Spinal cord < Brain stem 
The content of total lipids were significantly decreased in all regions of 
rat central nervous system following lead toxicosis. The order of decrease was 
as follows : 
Spinal cord > Cerebellum > Cerebrum > Brain stem 
Lead and selenium intoxication in combination resulted in increase in 
the total lipid concentration. The order of increase was spinal cord cerebrum, 
cerebellum and brain stem by +19.45%, +20 30%, +25.24% and +25.63% 
respectively 
4.3.3 Phospholipid 
Intoxication by selenium led to increase in the levels of phospholipid 
(Table 2 ) in the brain stem, spinal cord, cerebellum and cerebrum by 
+43.8%. +38 3%, +33 7% and +26.8% respectively. 
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Following lead intoxication phospholipid levels were decreased significantly 
in spinal cord, cerebellum, cerebrum, and brain stem by -58.8%, -Al A% 
-45.6% and -32 8% respectively. 
Lead and selenium intoxication in combination led to increase in the 
contents of phospholipids in the spinal cord, cerebrum, cerebellum and brain 
stem by +22.80% ,+22.3%, +21.70%, +20.21% respectively. 
4.3.4 Cholesterol 
Selenium intoxication showed significant increase in the levels of 
cholesterol ( Table 3 ) in the cerebrum, cerebellum, brain stem and spinal 
cord by +60.37%,+47.50%. +41% and+23% respectively. 
The content of cholesterol was decreased following lead intoxication in 
the brain stem, cerebellum, cerebrum and spinal cord by -33%, -27,40%, -
25%, and -22 70% respectively. 
Lead and selenium intoxication in combination resulted in increase in 
the contents of cholesterol in the cerebellum, spinal cord, cerebrum and brain 
stem by+21 0%,+20 70%,+20.0% and +19.80% respectively. 
4.3.5 C/P Ratio 
Table 4 depicts the alterations in C/P ratio in different regions of rat 
CNS following selenium and lead intoxication individually as well as in 
combination 
Following selenium intoxication significant increase was observed m 
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cerebrum (+26 5%) only. An insignificant increase was observed in 
cerebellum (+10 3%) while an insignificant decrease was observed in brain 
stem (-1 7% ) and spinal cord (-11.5%). 
Following lead intoxication significant increase was observed The 
order of increase was spinal cord (+87.6%), cerebellum (+38%) and cerebrum 
(+37 7 %) An insignificant decrease was observed in brain stem (-0 19%) 
Selenium and lead intoxication in combination resulted m an 
insignificant increase in cerebrum, cerebellum, brain stem and spinal cord 
4.3.6 Gangliosides 
Table 5 shows the effects of selenium, lead, and lead selenium 
; intoxication on the concentration of gangliosides in the different regions of 
I rat central nervous system 
' Following selenium intoxication at the dose of 0.7mg/k9 b.wt., the 
I concentration of gangliosides increases significantly in spinal cord, brain 
stem cerebellum and cerebrum by +58.3%, +52.6%), +44.7% and +39.3% 
respectively 
Lead intoxication led to decreased concentration of gangliosides m 
spina^ cord, brain stem cerebellum and cerebrum by -75%, -74%, -71 % and 
-70% respectively 
Lead and selenium intoxication in combination led to increase in the 
concentration of gangliosides in spinal cord, cerebellum , brain stem ana 
I cerebrum by +30.8% +26.2%, + 19.4 % and +17.65 % respectively 
89 
(U 
TO 
o 
TO 
T3 
TO 
O 
_ l 
C 
o 
o 
E 
at 
*-> 
v> 
>> (/) 
to 
3 O 
> 
0) 
c 
TO 
4 - ) 
1 
0) 
1-
c 
o 
TO 
o 
tf) 
c 
o 
O) 
(D 
*-» C 
H-
TS 
c 
0) 
T5 
O 
D) 
C 
TO 
o 
«<-
o 
c 
o 
+-' 
TO 
k. 
0) 
• J 
< 
c 
TO 
_ 
(/) 
TO 
_>> 
TO 
3 
T3 
"> 
c 
d 
.^ 
c 
o 
<-" TO 
O 
X 
o 
*•> c 
• ^ 
— 
E 
h -
o 
0) 
••-• 
"E 
(1> 
to 
E 3 
o 
•D 
C 
TO 
• J 
^ 
J3 
E 
00 
(/) 
> 1 
TO 
•D 
o 
c 
o 
4 - * 
TO 
c 
JQ 
E 
o (J 
E 
3 
C T5 
O TO 
1 ^ 
•a t -
TO 
(1) 
_ l 
T3 
0) 
re 
a> 
E 
3 
C 
O 
0} 
(0 
T3 
01 
• + - ' 
TO 
Q) 
k. 
1 -
T3 
TO 
0) 
_ l 
O 
-*-» 
c 
o 
o 
(/> 
c 
o 
0) 
a: 
c 
TO 
CQ 
00 
d 
-H o 
T — 
n 
CO 
O 
T — 
M 
00 
IT) 
CD 
T -
n 
o 
d 
+1 
CD 
CO 
o 
CM 
O 
O 
+^  CD 
T — 
i n 
CD 
h -
+ 
? CO 
CJ) 
00 
+ 
O 
1 
' 
E 
3 
k. 
JD 
O 
oo 
d 
-H o CO 
n 
CO 
CD 
d 
• » 
CD 
^1" 
''" 
n 
CM 
o 
o 
+1 
o 
0 0 
o 
1 
i 
1 •^ — 
• d 
+1 00 
o 
O 
CNJ 
CD 
CM 
+ 
^ 
o ^ 
•<;r 
+ 
1 
E 
3 
0) 
n 
d) 
O 
CO 
00 
d 
•H in
d 
n 
f--
d 
+4 in 
CD 
d 
n 
CD 
O 
d 
•4H 
O 
CD 
•<— 
O 
OO 
o 
d 
-H in 
CM 
CD 
d 
O 
"«3-
CD 
+ 
•-i^  
o ^ 
CD 
CM 
i n 
+ 
1 
' 
E 
(0 
c 
TO 
QQ 
CNJ 
CD 
00 
o 
+1 
i n 
( • • - -
OO 
d 
n 
OO 
d 
-H 
00 
00 
CD 
d 
n 
o 
d 
o 
T — 
d 
OO 
o d 
+1 
o 
o 
d 
•5^ 
O 
00 
d OO 
+ 
• - i ^ 
o ^ OO 
OC) 
i n 
+ 
in 
1 
•a 
k. 
o 
o 
TO 
C 
Q . 
T~ -r— 
o o 
o° o 
^ V 
in 
o 
o 
o 
V 
.,— 
1 
0) 
D 
CO 
> 
CL 
(/) 
03 
E 
'c (D 
CD 
o 
Lii 
CO 
-H 
O 
c 
TO 
E 
0) 
cn 
(U 
$ 
0) 
L. . 
TO 
U) 
E (/) 
ro 
T3 
0) 
V) 
in 
0) 
CL 
X 
(1) 
W 
0) 
3 
TO 
> 
C 
03 
U 
»*— 
c 
c 
— 
i 
C/D 
Z 
o 
L -
o 
o 
o 
"D 
0 k— 
03 
Q . 
E 
o 
o 
0) 
CD 
c 
03 
o 
(D 
03 
O 
T3 
c: 
CO 
crt 
a> 
• 4 - ' 
c 
(1) 
0) 
Q 
C 
(D 
D 
CD 
L 
4.4 Nucleic Acid 
4.4.1 Deoxyribonucleic Acid (DNA) 
DNA concentration was increased in different regions of the central 
nervous system following selenium intoxication (Table 6). The maximum 
Increase was observed in brain stem (+38%) followed by cerebellum 
(+33%), cerebrum (+27%) and spinal cord (+23%). 
DNA concentration was decreased following lead intoxication in 
different regions of rat central nervous system. The maximum decrease was 
observed in cerebrum (-40%) followed by spinal cord (-35%), brain stem 
(-29%) and cerebellum (-25%). 
Following lead and selenium intoxication in combination the DNA 
concentration was found to increase in different regions of rat brain. The 
maximum increase was observed in cerebrum (+22.6 %) followed by brain 
stem (+22%) .spinal cord (+21.0%) and cerebellum (+18%) 
4.4.2. Ribonucleic Acid 
Table 7 shows the alterations in RNA contents in different regions of 
rat central nervous system following lead, selenium intoxication individually 
as well as in combination. 
Selenium intoxication individually led to decrease in RNA content in 
the different regions of the central nervous system . The maximum decrease 
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was observed in brain stenn (-38%) followed by cerebellum (-33%), spinal 
cord (-29%) and cerebrum (-27%). 
Following lead intoxication the RNA content was increased in different 
regions of the central nervous system The maximum increase was 
observed in spinal cord (+35%) followed by brain stem (+30%) cerebrum 
(+24%) and cerebellum (+20%). 
Lead and selenium intoxication in combination led to decrease in 
different regions of rat central nervous system. Maximum decrease was 
observed in cerebellum (-30.0% ) followed by spinal cord (-26.0%) 
cereberum (-23%) and brain stem (-19%). 
4.5. Protein 
Protein concentration was decreased due to selenium intoxication 
(Table 8) in cerebrum, cerebellum, brain stem and spinal cord by -58 3% 
-51.78%, -42,2% and -28.4% respectively. 
Lead intoxication led to increase in protein levels in brain stem 
cerebellum cerebrum and spinal cord by +38%, +30.4%, +24.8% ana 
+23.6% respectively 
Following lead, selenium intoxication in combination there was a decrease ir' 
protein levels in cerebellum, cerebrum.brain stem and spinal cord by -26.80% 
-25.30%, -22 40%, and-21.40% respectively. 
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4.6 Free Radical System 
4.6.1 Lipid Peroxidation 
The rate of lipid peroxidation, expressed as nanomoles of 
malondialdehyde formed per 30 min., in different regions of rat central 
nervous system after exposure to selenium and lead individually as well as 
in combination are presented in Table 9. 
The rate of lipid peroxidation was decreased in different regions of rat 
central nervous system following exposure to selenium . The maximum 
decrease was observed in brain stem (-80.7%) followed by spinal cord 
(-58 7%), cerebellum (-31.07%) and cerebrum (-27%). 
Following lead intoxication there was a increase in rate of lipid 
I peroxidation in different regions of rat central nervous system. The maximum 
increase was observed spinal cord (+33.28%) followed by cerebellum 
(+25%), cerebrum (+23.95%) and brain stem (+16.75). 
Lead selenium intoxication in combination led to decrease in rate of 
lipid peroxidation in different regions of the rat central nervous. The 
maximum decrease was observed in brain stem (-21.9%) followed by 
cerebellum (-20%), cerebrum (-17.0%) and spinal cord (-9.6%) 
4.6.2 Superoxide Dismutase (SOD) 
The alterations in the SOD activity due to selenium and lead individually 
as well as in combination in different regions of rat central nervous system 
are presented in Table 10. 
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Following selenium intoxication, the maximum increase in activity of SOD 
was observed in cerebellum (+75.24%) followed by cerebrum (+66.34%) 
spinal cord (+59 48%) and brain stem (+51.77%) 
Lead intoxication led to decrease in SOD activity in different regions 
of rat central nervous system. The maximum depletion was observed in 
spinal cord (-54.19%) followed by cerebrum (-48.34%), brain stem (-33,76%) 
and cerebellum (-20.18%). 
Lead selenium intoxication in combination resulted in increase in SOD 
activity in different regions of rat central nervous system. The maximum 
increase was observed in cerebellum (+30.48%) followed by cereberum 
(+28.19%), brain stem(+23.79%) and spinal cord (+21.28 %). 
4.7 Antioxidant Substances 
4.7.1 Total Sulfhydryl Group (T-SH ) 
The data presented in Table 11 indicates changes in total sulfhydryl 
group following selenium and lead intoxication individually as well as in 
\ combination in different regions of rat central nervous system. 
Selenium intoxication led to significant increase in the concentration 
of total sulfhydryl group The maximum increase was observed in brain stem 
(+33 74%) followed by cerebellum (+28.63%) cerebrum (+25.43%) and 
spinal cord (+19.80%). 
Lead intoxication resulted in decrease in the concentration of total 
sulphydryl group The maximum decrease was observed in cerebrum 
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(-27 35%) followed by spinal cord (-22.42%) , brain stem (-15 63%) and 
cerebellum (-10 96%). 
Selenium, lead intoxication in combination led to significant increase in 
the concentration of total sulfhydryl group. The maximum increase was 
observed in cerebellum (+21.31%) followed by cereberum (+20.41%), brain 
stem (+17.59%) and spinal cord (+13.45%). 
4.7.2 Free Sulfhydryl Group (Free - SH) 
The data presented in Table 12 indicates changes in the concentration 
of free - sulfhydryl group in different regions of rat central nervous system 
following selenium, lead intoxication individually as well as in combination. 
Selenium intoxication led to significant increase in the concentration 
of free - sulphydryl group. The maximum increase was observed in brain 
stem (+36 53%) followed by cerebellum (+30.48%) , cerebrum (+26 75%) 
and spinal cord (+21,28%). 
Lead intoxication led to decrease in the concentration of free sulfhydryl 
group The maximum decrease was observed in cerebrum (-25.78%) followed 
by spinal cord (-20 64%) brain stem (-14.44%) and cerebellum (-9.70). 
Selenium, lead intoxication in combination resulted in increase in the 
concentration of free - sulfhydryl group. The maximum increase was 
observed in cerebellum (+25.67%) followed by cerebrum (+22 44%). brain 
stem (+18 55%) and spinal cord (+15.77%). 
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4.7.3 Protein Bound Sulfhydryl Group (Protein - SH) 
The date presented in Table 13 indicates changes in the 
concentration of protein sulfhydryl group following selenium, lead 
intoxication, individually as well as in combination in different regions of rat 
central nervous system 
Selenium intoxication led to significant increase in the concentration 
of protein sulfhydryl group, The maximum increase was observed in brain 
stem (+32 30%) followed by cerebellum (+27.49%), cerebrum (+24 81%) 
and spinal cord (+18.95%). 
Lead intoxication led to decrease in the concentration of protein 
sulfhydryl group The maximum decrease was observed in cerebrum 
(-28 08%) followed by spinal cord (-23.44%), brain stem (-16.25%)) and 
cerebellum (-11.73%). 
Selenium, lead intoxication in combination resulted in increase m the 
concentration of protein sulphydryl group The maximum increase was 
; observed in cerebrum (+19.46%,) followed by cerebellum, (+18.62%) , brain 
stem' ( + 17 09%) and spinal cord (+12.13%o). 
4.7.4 Glutathione Oxidized (GSSG) 
Glutathione oxidized (GSSG) levels in different regions of rat central 
nervous system following selenium, lead intoxication individually as well as in 
combination are given in Table 14 . 
Following selenium intoxication there was a decrease in glutathoine 
oxidized levels Maximum decrease was observed in brain stem (-33.44%) 
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followed by spinal cord (-30.74%) , cerebrum (-25.86%) and cerebellum 
(-22.26%) 
I Following lead intoxication there was a increase in glutathione 
I oxidized levels Maximum increase was observed in cerebrum (+40.68%) 
i 
I followed by cerebellum (+33.74%) and spinal cord (19.93%). An insignificant 
increase o f+5 6% was observed in case of brain stem. 
Selenium, lead intoxication in combination resulted in decrease of 
glutathione oxidized levels. Maximum decrease was observed in spinal cord 
(-25.21%) followed by cerebellum (-25.01%)), cerebrum (-20.42%) and brain 
stem (-18.96%). 
4.7.5 GSSG / GSH 
Table 15 shows alterations in GSSG / GSH ratio in different regions of 
rat central nervous system following selenium, lead intoxication individually 
as well as in combination 
Selenium intoxication resulted in maximum decrease in GSSG/GSH 
ratio in brain stem (-15.37%) followed by spinal cord (-42.80%),cerebrum 
(-41.43%), cerebellum (-40,37%). 
Lead intoxication resulted in increase in GSSG/GSH ratio The 
maximum increase was observed in cerebrum (+89.68%) followed by spinal 
cord (+51%), cerebellum (+48.21%) and brain stem (+23.40%). 
Following selenium, lead intoxication in combination decrease in 
GSSG/GSH ratio was observed in different regions of rat central nervous 
system The maximum decrease was observed in brain stem (-51.30%), 
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followed by spinal cord ( -42.8% ). cerebrum (- 41.43 % ) and cerebellum 
(-40.37%). 
4.8 Antioxidant Enzymes 
4.8.1 Glutathione Reductase (GR) 
The activity of GR in different brain parts are presented in Table 16 
after selenium and lead intoxication individually as well as in combination. 
Following selenium intoxication there was an increase in activity of 
glutathione reductase (GR) in different regions of rat central nervous 
system. The maximum increase was observed in cerebellum (+44 34%) 
followed by brain stem (+39.78%) .cerebrum (+32.41%) and spinal cord | 
(+26.64%V 
Lead intoxication led to decrease in activity of glutathione reductase 
(GR) in different regions of rat central nervous system. The maximum 
decrease was observed in cerebrum (-38.60%) followed by spinal cord 
(-30.47%), brain stem (-25.63%) and cerebellum (-18,39%) . 
Selenium, lead intoxication in combination resulted in increase in 
activity of glutathione reductase (GR) in different regions of rat central 
nervous system. The maximum increase was observed in cerebrum 
(+21.36%) followed by brain stem (+20,21%), spinal cord (+19.83%) and 
cerebellum (+17.43%) 
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4.8.2 Catalase (CAT) 
Table 17 shows alterations in the catalase activity indifferent regions 
of rat central nervous system following selenium, lead intoxication 
individually as well as in combination. 
Selenium intoxication resulted in increase in cataiase activity 
Maximum increase was observed in brain stem (+35,76%) followed by spinal 
cord (+30 79%), cerebrum (+28.41%) and cerebellum (+25.73%) 
Lead intoxication results in decrease in catalase activity. Maximum 
decrease was observed in cerebellum (-23.56%) followed by cerebrum 
(-23.07%). spinal cord (-22.63%) and brain stem (-22.23%). 
j Selenium, lead intoxication in combination results in increase in 
I 
i catalase activity. Maximum increase was observed in cerebrum (+27 33%) 
' followed by cerebellum (+26.22%), brain stem (+25.72%) and spinal cord 
i (+22 37%) 
I 
1 
14.8.3 Glutathione Peroxidase (GSHPx) 
I The alterations in the activity of glutathione peroxidase (GSHPx) in 
I different regions of rat central nervous system (CNS) following selenium 
lead intoxication individually as well as in combination are presented ir 
I Table 18 
Selenium intoxication led to significant increase in the activity of 
glutathione peroxidase in different regions of rat central nervous system 
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The maximum increase was observed in brain stem (+48.29%), followed by 
cerebrum (+39.50%), spinal cord (33.75%) and cerebellum (+30.85%). 
Lead intoxication resulted in decrease in the activity of glutathione 
peroxidase in different regions of rat CNS. The maximum decrease was 
observed in cerebellum (-30.04%), followed by cereberum (-28.53%), brain 
stem (-20.14%). An insignificant decrease (-10.76%) was observed in spinal 
cord. 
Selenium and lead intoxication, in combination resulted in significant 
increase in the activity of glutathione peroxidase in different regions of rat 
CNS. The maximum increase was observed in cerebrum (+35.40%). 
followed by brain stem (+30.67%), cerebellum (+25.63%) and spinal cord 
(+17.35%). 
4.9 Neurotransmitter System 
4.9.1 Acetylcholinesterase (AChE) 
Table 19 shows alterations in acetylcholinesterase (AchE) activity in 
different regions of rat central nervous system following selenium, lead 
intoxication individually as well as in combination. 
Selenium intoxication resulted in increase in acetylcholinesterase 
activity Cerebellum showed the maximum increase (+28%) followed by 
cerebrum (+26.5%), brain stem (+22.7%) and spinal cord (+19.4%). 
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Lead intoxication led to decrease in acetylcholinesterase activity The 
maximum decrease was observed in brain stem (-38%) followed by 
cerebellum (-31%), spinal cord (-25.50%) and cerebrum (-20.60%). 
Following selenium, lead intoxication in combination increase in 
acetylcholinesterase activity was observed. The maximum increase was 
observed in cerebrum (-f-23.60%) followed by cerebellum (+21.77%) brain 
stem (+20.40%) and spinal cord (+17.30%) 
4.9.2 Monoamine Oxidase (MAO) 
Table 20 shows alterations in monoamine oxidase activity in different 
regions of rat central nervous system foWowing se\enium, lead intoxication 
individually as well as in combination. 
Selenium intoxication resulted in decrease in monoamine oxidase 
(MAO) act)vity. The fnaximum decrease was observed in spinal cord 
(-34.8%) followed by cerebrum (-30.40%), cerebellum (-28.30%) and brain 
stem (-26%). 
Lead intoxication resulted in increase in monoamine oxidase activity 
The maximum increase was observed in cerebellum (+25.50%) followed by 
spinal cord (+22.80%), cerebrum (+20%) and brain stem (+19%). 
Following selenium. lead intoxication in combination 
decrease in monoamine oxidase activity was observed. The maximum 
decrease was observed in cereberum (-26.37%) followed by spinal cord 
(-25.54%), cerebellunm (-23.64%) and brain stem(-19.78%) . 
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4.9.3 Monoamines 
4.9.3.1 Dopamine (DA) 
Table 21 shows alterations in Dopamine (DA) levels in different regions 
of rat central nervous system following selenium,. lead intoxication 
individually as well as in combination. 
Following selenium intoxication, there was a significant increase in the 
dopamine levels. Maximum increase was observed in spinal cord (+36 20%) 
followed by cerebrum (+31%), cerebellum (+23.7%) and brain stem 
(+18.30%) 
Following lead intoxication, there was decrease in the dopamine 
levels Maximum decrease was observed in cerebellum (-29.0%) followed 
by spinal cord (-20.0%), cerebrum (-17.70%) and brain stem (-13.60%). 
Selenium, lead intoxication led to increase in the dopamine levels 
Maximum increase was observed in cerebrum (+23.03%) followed by spinal 
cord (+21.67%), cerebellum (+19.70%) and brain stem (+16.0%). 
4.9.3.2 Norepinephrine (NE) 
Table 22 shows the alterations in norepinephrine (NE) levels in 
different regions of rat central nervous system following selenium, lead 
intoxication individually as well as in combination. 
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Selenium intoxication resulted in significant increase in norepinephrine 
(NE) levels. Maximum increase was observed in cerebrum (+34.30%) 
followed by cerebellum (+28.80%), spinal cord (+23.50%) and brain stem 
(+18.80%) 
Lead intoxication resulted in decrease in norepinephrine levels 
Maximum decrease was observed in brain stem (-28.0%) followed by spinal 
cord (-27.60%)), cerebellum (-19 60%). An insignificant decrease of (-15.40%) 
was observed in cerebrum. 
Following selenium lead intoxication an increase in norepinephrine 
levels was observed Maximum increase was obsen/ed in cerebrum 
(+22.29%) followed by cerebellum (+20.30%) and brain stem (+19%) An 
insignificant increase of (+13.30%) was observed in spinal cord . 
4.9.3.3 Serotonin (5-HT) 
Table 23 shows alterations in serotonin levels in different regions of 
rat central nervous system following selenium, lead intoxication individually 
as well as in combination. 
Selenium intoxication resulted in increase in serotonin levels. 
Maximum increase was observed in spinal cord (+31%) followed by brain 
stem (+23%) An insignificant increase was observed in cerebellum (+17%) 
and cereberum (+12.50%). 
Lead intoxication resulted in decrease in serotonin levels. Maximum 
decrease was observed in cereberum (-32.50%) followed by cerebellum 
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(-28 60%) and brain stem (-23%). An insignificant decrease was observed 
in spinal cord (-13.80%). 
Selenium, lead intoxication in combination led to increase in serotonin 
levels Maximum increase v^as obsenyed in cerebrum (+25%) followed by 
brain stem (+20.80%) An insignificant increase was observed in spinal 
cord(+17.20) and cerebellum(+11.41%). 
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5 Discussion 
Detailed studies on the effect of selenium on brain have already been 
reported but there is still some lack of information on the protective effect of 
selenium against lead induced toxicity. Brain is more or less a collection of 
disparate organ rather than a single entity (Hertz. 1969). This heterogeneity 
is of great importance in the evaluation and interpretation of the biochemical 
studies In the present study, albino rats were exposed to selenium 
individually as well as in combination with lead. Complete lipid profile, lipid 
peroxidation, nucleic acid (DNA and RNA), proteins, antioxidant enzymes 
(such as SOD, CAT, GR, GSHPx), -SH group, GSSG, MAO, AChE, and 
neurotransmitter(DA, NE, 5-HT) alteration were evaluated in different regions 
of the central nervous system (CNS) of rat. The protective effect of selenium 
on lead induced alteration on the above investigated parameters was also 
studied in rat CNS 
5.1 Neurobiochemical Changes 
5.1.1 Lipid Profiles 
Brain lipids play a role in modulating the cell structure and 
function of its biomembranes (Ordy and Kaac 1975; Bourre et. al., 1990). 
Lipids play a vital role in both the structure and function of neuronal 
membrane They are major constituents of myelin and also constitute 
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structural elements of the plasma membrane. Myelin metabolism may be 
affected by a variety of toxic agents which directly or indirectly effect myelin 
forming cells Myelin sheaths and neurophil account for greater part of the 
brain lipids (Robins et. al., 1956). 
All cellular constituents : the proteins .lipids, nucleic acids and 
carbohydrates are known to undergo oxidative modification (Pacifici and 
Davies, 1991) . The cytotoxic metabolites of oxygen have been demonstrated 
to involved in the peroxidation of membrane lipids, altering membrane 
composition (morphology and function ) (Cavarocchi et. al., 1986). Lammi -
Keefe et. al., (1984) have observed that oxidative damage is a consequence 
of the deficiency of antioxidant and related enzymes . Alteration in the lipid 
metabolism may be either due to changes in the rate of anabolism or 
j catabolism or both These processes are regulated by the activities of 
i 
j appropriate enzyme systems 
! 
Studies of lipid profiles in the CNS form an important pari of 
neurobiochemical investigations. The CNS of all vertebrates is highly ennched 
in cholesterol , sphingolipids and glycerophospholipids (Suzuki,1981). The 
latter plays an important role in both structure and function of neural 
membrane Although the other lipids even in small concentration have very 
significant role. 
5.1.2 Total Lipids : 
Different regions of rat brain showed decreased quantity of total lipids 
following lead intoxication. Spinal cord was the most affected part where 
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maximum depletion was found. It is remarkable that selenium intoxication 
resulted in an increase in total lipids in general and brain stem was the most 
affected part, where maximum increase was observed. When selenium 
coupled with lead was administered i.p, an increase in total lipid level in 
different regions of the rat brain was found similar to selenium administration. 
The regional variation in total lipid content following lead intoxication 
may be explained on the basis of the increased rate of degradation of lipids 
which IS evident from the increased rate of lipid peroxidation (Sandhir et. al., 
1994; Rehman;1984; Abid et. al., 1998). The increase in total lipid 
concentration following only selenium intoxication and in combination with 
lead may be attributed to decreased rate of degradation which is evident from 
the decreased rate of lipid peroxidation (Abid et. al., 1998). Thus selenium is 
likely to decrease the rate of degradation of the lipid resulting in the increase 
of the total lipid concentration. Ham and Rose (1969) have even 
suggested that changes in the lipase activity may be an important factor 
contributing to alterations in plasma lipid levels. Interestingly, white et. al., 
(1978) have shown that lipids of various tissues are known to be in a dynamic 
steady state and there is continuous replacement of existing molecules by new 
ones. 
5.1.3 Phospholipids : 
Phospholipids form the essential membrane constituent of the brain. 
They play a significant role in metabolism, due to their involvement in 
composition of membrane. They form the backbone of neural membranes and 
also provide the membranes with suitable fluidity and permeability (Farooqui 
and Horrocks, 1985; Porcellati, 1983). Any change in phospholipid 
composition may result in alteration of membrane structure. The distnbution of 
phospholipids in biogenic membranes is regulated not only by the activity of 
the enzymes involved in their metabolism but also by their transport and 
incorporation into membranes 
In this study, significant decrease in phospholipid 
concentration in all brain regions was observed following lead intoxication. 
This IS in agreement with the findings of Rehman (1985). Cook et. al., (1987) 
observed alterations in membrane phospholipid composition and 
microviscostty in erythrocytes of lead exposed workers. Nelson and Barnum 
(1960) reported inhibition of phospholipid biosynthesis following the 
administration of diisopropyl fluorophosphate (DFD) and by administration of 
mercury by Bano and Hasan (1989). This inhibition of phospholipid 
biosynthesis at a point subsequent to the phosphorylation of the base is a 
; feature exhibited by some drugs that inhibit phospholipid metabolism. It is thus 
assumed that similar mechanism might have been followed in the decreased 
! levels of phospholipid in case of lead intoxication. 
Selenium intoxication, alone and in combination with lead resulted in an 
increase in phospholipid concentration in all regions of the brain. This can be 
I explained on basis that because selenium supplement enhances the 
! biosynthesis of phosphatidic acid and phosphatidylcholine in the heart, without 
altering the intracellular pool size of these two phospholipids. The increase in 
phosphatidic acid synthesis might be caused by an increase in the pool size of 
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acyl CoA during selenium supplement. It has been shown that simultaneous 
addition of selenite and transferrin enhance choline incorporation into 
phosphatidylcholine in cultural foetal alveolar epithelial type-ll cells (Fraslon 
et. al., 1991). Selenium has also been shown to effect the synthesis of 
arachidonate metabolites such as prostaglandins and leukotrienes (Gairola 
and Tai 1985; Hampel et. al., 1989). The alteration in phospholipid level can 
be ascnbed to the peroxidative changes observed in our study (Abid et. al., 
1998). 
5.1.4 Cholesterol: 
The cholesterol is present in large amount in CNS. It is the only sterol 
present in the CNS of vertebrates in significant amounts. It occurs in white 
matter in amounts exceeding those in the gray matter (Brante, 1949). It is a 
I charactenstic lipid of myelin sheath. About 70% cholesterol of the brain is 
I j 
! present in myelin (Dobbing, 1963). 
I In the present study lead intoxication has been observed to decrease 
j cholesterol content while selenium intoxication, individually as well as in 
I combination with lead resulted in significant increase in cholesterol levels in 
j rat brain Lipids in various tissues of the body in general are known to be in 
j dynamic steady state because there is a continues replacement of existing 
, molecules by new ones (White et. al., 1978). This leads to the conclusion that 
i 
selenium alone or in combination with lead enhances the synthesis of 
i 
j cholesterol while lead inhibits the synthesis of cholesterol. This observation is 
in consonance with the finding made by (Suhalla ,1998). 
i 
Demyelination caused by environmental pollutant (organophosphate) 
toxicity or due to multiple sclerosis leads to loss of cholesterol esters 
(Davision and Wajda 1962), Organophosphates inhibit the incorporation of 
acetate, choline and phosphate into the lipids of nervous tissue. Since we 
have also recorded a decrease in cholesterol level a similar mechanism might 
have been followed here too. 
5.1.5 C/P Ratio: 
Ratio of cholesterol and phospholipids is an index of atherogenecity 
(Weller et. al., 1968 ). Present investigation showed significant variation in 
cholesterol and phospholipids following lead administration. Significant 
elevation in C/P ratio was discernible in cerebrum, cerebellum and spinal cord. 
Selenium caused significant elevation in C/P ratio only in cerebrum. 
5.1.6 Gangliosides: 
Gangliosides are known to be ubiquitously distributed in neural tissues 
i 
of vertebrates. In brain, they are mainly localized in myelin matnx and outer 
! 
membrane of the nerve endings (Ramsay and Nicholos, 1972). They act as 
receptor sites for neurotoxins, and are involved in the nerve impulse 
conduction (Van Heyningen, 1959; North et. al., 1961). It has been 
demonstrated that gangliosides modulate phosphorylation system (Agnati et. 
al., 1984, 1985; Bremer et. al., 1984, 1986). Lowden and Wolfe (1964) 
have demonstrated that the distribution of gangliosides is identical to that of 
y- aminobutyric acid. 
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In the present study, the depletion of gangliosides levels following lead 
intoxication occurs as has been suggestion by Ledeen and Mellanby (1977) 
that the reduction of gangliosides occurs through sequential removal of 
acetylneuraminic acid by neurominidase. There is growing evidence that 
gangliosides may bind biologically active compounds, as well as various 
neurotoxins through their terminal N-acetyl neuraminic acid moiety (Avrova, 
1971). Irwin and Samson (1971) have shown that certain types of 
behavioral stimulation (stress, exercise sensory stimulation, learning) are 
accompanied by alteration of gangliosides metabolism in experimental albino 
rats compared to corresponding control. Recent reports have shown that 
depletion of gangliosides concentration duhng ageing is related to 
degeneration of the gangliosides rich components such as neural membrane 
( Segler - sthal et. al.,1983 ; Gupta and Hasan 1988). 
Since the administration of selenium in animals with induced toxicity by 
i 
lead or selenium administration alone showed remarkable enhancement in 
ganglioside level of the brain, it is believed that selenium alone or coupled with 
lead has prophylactic effect Although the exact mechanism is not well 
understood the observed significant elevation of gangliosides in different 
regions of rat brain and spinal cord merits attention. 
5.2 Nucleic Acids 
Selenium and lead intoxication individually as well as in combination 
led to significant alterations in the levels of nucleic acids (DNA and RNA) in 
vanous regions of the rat brain and spina! cord. 
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5.2.1 Deoxyribonucleic Acid (DNA): 
DNA plays a critical role in transfer of information between generations 
of somatic cells This makes DNA a critical target of the neurotoxin. The 
maximum concentration of DNA was observed in cerebellum (5 23 ± 0.24) 
which was almost three times greater than in cerebrum (1.70 ± 0.06). Large 
amount of DNA in cerebellum reflect the extreme cell density of cerebellar 
granular layer. (Grenell, 1958; May and Grenell, 1959). 
Significant elevation was observed in DNA levels in different regions of 
rat CNS following selenium intoxication. When both selenium and lead are 
administered together significant elevation was observed in DNA levels. While 
lead intoxication resulted in significant decrease in DNA levels. The average 
amount of DNA per diploid nucleus is constant for all normal tissue of the 
body including brain tissue (Heller and Elliott, 1954). The alteration in DNA 
levels in different regions of the brain and spinal cord may be due to 
disturbances in the normal synthesis and turnover rate of DNA, in addition to 
generative changes Different regions show different levels of alterations 
i which may be due to different modes of disturbances operative in different 
regions of brain 
5.2.2 Ribonucleic Acid (RNA): 
The response of RNA to selenium or lead individually or in combination 
IS different from that of DNA. Following lead intoxication the RNA 
I concentration showed significant increase in all the CNS regions of rat which 
IS due to increased production of RNA due to demyelination (Health,1961) . 
13J 
Mcllwain and Bachelard (1971) have reported that RNA synthesis 
increases due to damage to neurons. This explains the increase in RNA 
concentration in our study following lead intoxication. The elevation in the 
level of RNA is generally associated with innprovement in protein nutrition or 
tissue function (Bergen et. al., 1974) The enhanced level of RNA content in 
brain may be due to improvement in protein synthesis . 
In our study selenium intoxication individually or in combination 
with lead leds to decrease in RNA content in CNS,which may be correlated 
with decreased protein synthesis . 
5.3 Proteins: 
The changes in the neuronal activity are accompanied by measurable 
changes in macromolecules like protein in brain cell. However, it has also 
been reported that the increased neuronal activity inhibits the synthesis of 
proteins (Hyden and Lange, 1972). The specific neuronal functions such as 
conduction of action potentials and synaptic transmissions are known to be 
mediated by protein (Bock, 1978). It has been demonstrated that many 
\ environmental and nutntional factors may perturb the brain protein (Mcllwain 
and Bachelard, 1971) Arnaiz et. al., (1975) reported that inhibition of 
protein level might be an indication of a disequilibhum of the normal energy 
yielding metabolism In the present study, it has been observed that the 
decrease in protein contents occurs when only selenium or selenium coupled 
with lead IS administered which could be ascnbed to the proteolytic activity 
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necessitated by greater energy demands under toxic stress (Ahmad et .al., 
1978) 
The RNA content is a measure of the protein synthesis in tissue 
(Brachet, 1955) The elevation of RNA levels is generally associated with 
the improvement in protein synthesis or tissue function (Prosser 1969) 
This explains the increased protein levels due to lead intoxication followed 
I by elevated RNA levels observed. 
Free amino acids in brain are known to be involved in a number of 
I metabolic processes (Neame, 1969). Hence, demand for amino acids may 
i 
possibly induce the breakdown of proteins enabling the animal to withstand 
the toxic stress by performing neurochemical functions.This leads to decrease 
in protein content.This explains our finding of decreased protein content 
following selenium and lead intoxication in rat central nervous system when 
given in combination. 
5.4 Free Radical System 
5.4.1 Lipid Peroxidation (LPO): 
Lipid peroxidation of endogenous phospholipids in biological membrane 
is the basis for a variety of toxicological phenomenon. It is the basic 
mechanism of destruction of unsaturated fatty acids chain. It is maintained in 
I the organismi, on a desired level by a contribution of several controlling 
: factors It has been implicated in the damage to cells that results from their 
exposure to air pollutions , chlorinated hydrocarbons, oxidant haemolytic 
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agents etc Lipid peroxidation appears to be a phenomenon that reflects free 
radical events associated with biological membrane (Goldstein et. al., 
1993) Peroxidation involves the direct reaction 6f oxygen and lipid to form 
free radical intermediates and to produce semistable peroxides. Kartha and 
Krishnamurthi (1978) reported that among the different tissues from 
normal rat the brain showed considerably higher peroxidation. The 
peroxidative changes triggered by free radicals in brain fatty acids and 
phospholipids is be of importance in the development of brain cell damage. 
Free radical are highly reactive species and are continuously formed in 
vanous reactions essential for aerobic life. The best studied effect of free 
radical attack is the one causing lipid peroxidation i.e. oxidation of a-
ethylene bridges of unsaturated fatty acids, resulting in the formation of 
lipid peroxides and hydroperoxides. It eventually leads to fragmentation of 
lipids 
In present study it was found that lead intoxication caused 
significant enhancement of lipid peroxidation in different regions of 
brain and spinal cord. Our results are in agreement with those of Rehman 
1984; Sandhir et. al.,1994; Adonaylo and Oteiza 1999. Maximum lipid 
peroxidation was observed in spinal cord indicating that this region is the 
I most susceptible to damage by lead. Lead intoxication has also been 
reported to increase the rate of lipid peroxidation, both in brain membrane 
(Oteiza et. al., 1995) and in liposomes (Adonaylo and Oteiza, 1999 ). 
Elevation of lipid peroxidation can also be correlated with depletion of T-SH 
group contents in different regions of the brain and spinal cord following lead 
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intoxication. It has been suggested that decrement of sulfhydryl groups may 
lead to deficient degradation of lipid peroxides in the tissue (Tappel, 1970). 
In our study following selenium intoxication decrease in lipid 
peroxidation was observed. This is in accordance with the findings of Al-
Deep et. al.,1995; Bekpinar et. al.,1995 and Haider et. al., 1998 According 
to Combs et. al., (1975) and Meydani et. al., (1993) at least two systems 
are important for uncontrolled lipid peroxidation. These system rely on 
selenium and vitamin E, respectively and form the basis for the hypothesis 
concerning the antioxidant functions of these nutrients (Combs et. al., 1975). 
Antioxidants have been shown to inhibit lipid peroxidation like 
alphatocopherol and hydroquinone (Rahman 1985) and vitamin E (Tayyaba 
and Hasan, 1985; Tappel and Zaikin, 1960) Selenium has been shown to 
I inhibit lipid peroxidation of hemoglobin (Hb) mediated lipid peroxidation 
(Simoni et. al., 1995). It also inhibits iminodipropionitrile induced toxicity via 
lipid peroxidation (Al-Deep et. al., 1995). 
It is therefore, concluded that the peroxidation of endogenous lipids 
was enhanced by lead intoxication, resulting in the fragmentation of lipids 
which leads to disintegrated membrane structure leading to cell damage 
This can however be prevented by selenium , owing to its free radical 
scavenging and antioxidative properties (Abid et. al., 1998). 
5.4.2 Superoxide Dismutase (SOD): 
Slater (1984) indicated superoxide dismutase as an enzyme involved 
in protection against damage caused in the cells by free radicals. It is 
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responsible for the detoxification of highly reactive and potentially toxic 
radicals to less toxic hydrogen peroxide (Fridovich, 1983). 
The results of the present study indicate an inhibition of the enzyme 
in different regions of rat brain and spinal cord following lead intoxication, 
which are in agreement with those of Sandhir et. al., (1994). Mylorie et. al., 
(1986) has also reported a decline in the activity of superoxide dismutase 
and suggested that this decline may be due to the lead induced copper 
deficiency because copper plays a catalytic role in this enzyme (Fridovich, 
1983) ,the decrease in the activity of enzyme was inevitable. 
Selenium when administered alone elevated superoxide dismutase 
activity in different CNS regions. Combined administration of selenium with 
I lead revealed a remarkable protection of SOD in all the investigated CNS 
regions This protection might be the result of reactivation of SOD by 
selenium through its antioxidative action. Interestingly in our study protection 
of lipid peroxidation with selenium against lead intoxication in different 
regions of CNS (Abid et .al., 1998) also supports our findings of SOD. 
5.5 Antioxidant System 
Effect of selenium and lead. Protection by selenium against lead 
induced alteration 
Antioxidant and free radical scavenging systems exist in the cell and 
protect them against the damaging effects of free radicals produced as a 
part of normal cell respiration and other cellular processes (Flohe et. al., 
1973; Willson, 1980, 1983; Cohen, 1984; Tappel, 1984; Kaplotlwitz et. al., 
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T985) The components of the defense system that have evolved to reduce 
and contain the injury from free radical attack include the structural 
conformation of the membranes and the DNA strands, several enzymes and a 
few free radical scavenger antioxidant. Free radicals reactions are involved in 
the etiology and development of a number of diseases, especially those that 
are life limiting (Pryor,1987). 
In the present investigation, the distribution of catalase (CAT), 
glutathione reductase (GR), glutathione peroxidase (GSHPx) and the 
antioxidant compounds, such as reduced glutathione, total -SH, and protein -
SH were estimated The alteration in each parameter due to selenium and 
lead individually as well as in combination are discussed below :-
5.5.1 Glutathione Peroxidase (GSHPx): 
The selenium based enzymes is involved in detoxification of lipid 
peroxides which is also reflected from the fact that selenoenzymes peroxidase 
metabolizes hydroperoxides and products of cell membrane (Rotruck et. al., 
1973) The activity of GSHPx is highest in brain areas having 
catecholaminergic neurons 
Another form of GSHPx, phospholipid hydroperoxides glutathione 
peroxidase (PHGPx) was reported, which is also selenium dependent 
enzyme and detoxifies the membrane bonded phospholipid hydroperoxides 
(Zhang et. al., 1989; Thomas et. al., 1990) 
The selenium is an essential constituent of glutathione peroxidase 
without which this enzyme remains inactive . The administration of selenium to 
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decrease lipid peroxidation in all the regions of rat brain and spinal cord (Abid 
et. al., 1998). 
GR activity may also be easily correlated with the decrease in GSH. 
increase in GSSG levels and GSSG/GSH ratio. 
When a combination of lead and selenium is given to the rat, GR and 
GSH activity increases which consequently results in a decrease in lipid 
peroxidation 
5.5.3 Catalase (CAT): 
Hydrogen peroxide (H2O2), a known cytotoxin is produced in the CNS 
during amine metabolism including monoamine oxidation (Tipton, 1968) and 
glycine oxidation (Gaunt and DeDuve, 1976). Catalase reduces hydrogen 
peroxide and acts as scavenger of peroxides before it produces toxic effects 
(Prohaska and Ganther, 1976) . Current evidence supports the point of view 
that glutathione peroxidase is more essential than catalase to protect cells 
from low or steady level of hydrogen peroxide (Cohen, 1983). Catalase may 
also play a role in the metabolism of lipids. 
A significant decrease in catalase activity was observed following lead 
intoxication in rat central nervous system (Sandhir et. al.,1994). The reduction 
in catalase activity is either due to its increased degradation or decreased 
synthesis and may also be due to the simultaneous increase in peroxidase 
I activity. This might be attributed to the decreased ability of catalase to detoxify 
• peroxides and inactivation of catalase by free radicals. SOD and catalase both 
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are scavenger enzymes that are reported to work together to eliminate toxic 
free radicals (Fridovich, 1981; Kyle et. al., 1987). 
Following selenium intoxication individually as well as in combination 
with lead, significant increase in catalase activity in all the regions of rat central 
nervous system was observed. To our knowledge there is no information 
regarding the combined effect of selenium with lead on catalase level in the rat 
central nervous system. Our findings can be explained on the basis that 
selenium is an antioxidant, which therefore, increases activity of catalase This 
protection of catalase may probably be due to the reactivation of the enzymes 
by selenium, thereby enhancing its capabilities to initiate detoxification against 
lead induced toxicity. 
5.5.4 Sulfhydryl Groups (-SH): 
Sulfhydryl enzymes have been observed to be most susceptible to lipid 
peroxidation induced inactivation (Chic and Tappel 1969). 
Sulfhydryl groups are known to act as active enzymatic sites (Hoch 
and Vallee, 1959). Glutcithione (GSH) is a potent nucleophile which is 
involved in conjugation reactions, necessary for detoxification against 
electrophilic toxicants (Chasseaud, 1980). Such reaction between -SH group 
of glutathione and the toxic compound is catalyzed by glutathione -S-
transferase (GST) (Habing et. al., 1974; Al-Turk et. al., 1987). 
GSH has been reported to play a protective role against free radical 
mediated peroxidative damage (Little and O' Briene, 1968; Delucia et. al., 
1972; Chow and Tappel, 1972). GSH participates in the preservation of thiol 
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disulfide status of protein (Sohal et. al., 1990; Meister, 1988). The 
concentration of glutathione of tissues has been reported to correlate 
positively with the longevity of the organisms (Lang et. al., 1989; Sohal et. al., 
1990; Masayuki et. al., 1996 ; Cutler, 1991). 
The present study indicates significant depletion in the concentration of 
T-SH and protein bound -SH in different regions of CNS following lead 
intoxication Free sulfhydryl group (GSH) was inhibited in the investigated 
CNS regions of rat following lead intoxication ( Sandhir et. al., 1994; Ercal et. 
al.,1996; Dabrowski et. al., 1996). Similar effects have also been observed 
with GSH Parallel to decrease in glutathione (GSH) levels an increase in lipid 
peroxidation was also observed in our study (Abid et. al., 1998). 
Selenium intoxication individually as well as in combination with lead 
resulted in elevation of GSH level. This is in agreement with the findings of 
Haider et. al., (1998) who reported enhanced nonprotein sulfhydryl groups in 
rat brain following selenium intoxication. Since GSH protects cells from toxic 
effects of reactive oxygen species or peroxidative damage (Little and 
O'Brien, 1968; Chow and Tappel, 1972), increased GSH levels resulted can 
be related to decreased lipid peroxidation (Abid et. al., 1998). Sohal et. al., 
I (1990) demonstrated decreased GSH levels in developing brain of rats GSH 
' may be the factor in lowering reducing potential which occurs in senescent 
tissue GSH concentration has a profound regulatory effect on the activity of 
I pentose phosphate cycle enzymes (Hosoda and Nakamura, 1970). 
These results indicate a decrease in the 'de nova' synthesis of GSH 
: from ammo acids and a concomitant increase in GSSG (Thompson, 1992). 
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This may explain the mechanism of increased GSH levels following selenium 
intoxication individually as well as in combination with lead Overall the 
depletion or increase of GSH pool affects the oxidative defense mechanisms 
The concentrations of oxidized glutathione (GSSG) was elevated 
significantly in different regions of rat brain and spinal cord following lead 
intoxication which is in agreement with the findings of Sandhir et. al., 1994; 
Ercal et. al., 1996).The increase in GSSG levels was accompanied by an 
decrease in the levels of glutathione (reduced) in different regions, resulting in 
increased GSSG/GSH ratio. The decrease in glutathione levels may be either 
due to the use of glutathione in detoxification of lead or may be due to the 
inhibition of glutathione reductase. In our study decreased GSSG levels were 
i observed Glutathione reductase (GR) is responsible for the reduction of 
oxidized glutathione to reduced glutathione and thus accounts for the 
decreased GSSG/GSH ratio in the cells. Glutathione reductase possesses a 
critical sulfhydryl group at its active site which participates in the reduction of 
oxidized glutathione (Gerson and Shaikh, 1984) and selenium may interact 
with this residue The elevated glutathione reductase observed is responsible 
for the decreased GSSG/GSH ratio of cellular proteins. 
5.6 Neurotransmitter System 
5.6.1 Acetylcholinesterase (AChE): 
Acetylcholinesterase hydrolyses the cholinergic neurotransmitter 
(acetylcholine,ACh) at the synapses after transudation of nerve impulses 
thereby paving the way for the smooth transmission of nerve impulse. It is an 
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integral membrane bound enzyme responsible for splitting acetylcholine at the 
nerve terminal It was measured to monitor changes in membrane fluidity and 
integrity Acetylcholinesterase activity is influenced by changes in the 
membrane microenvironment (Otto, 1985). 
In the present study the activity of acetylcholinesterase was found to be 
significantly inhibited following lead intoxication in rat brain and spinal cord 
(Sandhir et. al.,1994; Nehru and Dua, 1997; Nehru and Iyer, 1997). The 
decrease in the levels of brain monoamines observed also endorses the 
AChE reduction (Naqvi and Hasan,1991 c;1991b). The inhibition of the 
enzyme may be either due to the direct effect of lead or due to the alterations 
in the membrane fluidity as a result of peroxidative damage. Lead intoxication 
has been shown to increase peroxidation of lipids (Abid et. al., 1998; Sandhir 
et. a!., 1994 ; Rahman 1984).This gradually results in alterations in membrane 
: integrity 
In the present study following selenium intoxication individually as weil 
as in combination with lead resulted in elevation in the activity of 
acetylcholinesterase This is in agreement with the findings of Nehru and Dua 
(1997) who reported significant improvement in acetylcholinesterase activity 
when lead and selenium are concomitantly administered in rat brain. Our 
finding is in parallel with the findings Brzezinski (1978) and Brzezinski and 
Paruszewska (1980). 
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5.6.2 Monoamine Oxidase (MAO): 
Monoamine oxidase is involved in the enzymatic deamination and 
subsequent degradation of amines and results in the formation of H2O2 
{(Cooper et. al., 1978). It takes part in the metabolism of biogenic amines 
( Chase and Murphy, 1973). In the last three decades the concept of two 
I functionally distinct forms of monoamine oxidase has gained wide acceptance 
(Houslay et. al. , 1976; Tipton and Delia corte, 1979). Type "A" of MAO 
deaminates neurotransmitter amines of catecholaminergic systems (5HT and 
NA) whereas type "B" oxidizes benzylamine and (3 -phenylethylamine. In the 
present study, no attempt to differentiate the two isoenzyme was made. 
Following lead intoxication, MAO activity was increased in rat brain and 
spinal cord similar to the findings of Singh and Ashraf (1989). The maximum 
increase was observed in cerebellum. The increase in MAO activity was 
observed despite the decrease in the level of GSH and GR and increase in 
lipid peroxidation. 
MAO activity was decreased following selenium intoxication individually 
as well as in combination with lead. MAO is involved in the deamination and 
subsequent degradation of monoamine (Copper et. al . , 1978). The inhibition 
in the activity of this enzyme is an direct indication of the elevation of 
monoamines which causes a change in the behavior and activity of the target 
The findings of the effect of selenium and lead intoxication individually 
as well as in combination is also supported by the findings of Beeman and 
Matsumura (1973) showing that enhancement of MAO led to depletion of 
monoamine and vice versa In our study elevation in MAO activity following 
144 
lead intoxication also resulted in depletion of the monoannine (DA, NE, 5HT) 
Similarly selenium intoxication individually as well as in combination resulted in 
Increase in monoamine (DA, NE, 5HT) concomitantly with decrease in MAO 
activity 
5.6.3 Biogenic Amines: 
The concentration of biogenic amines follows the order of 
NE< DA< 5-HT in the investigated regions of brain. There are vanous reports 
showing heterogeneous regional localization of biogenic amines in the brain 
(Welch and Welch 1959). This regional heterogeneity in the distribution of 
monoamines, seems to be of great importance with the view that this may 
have some implications in respect to their functional role as neurotransmitters 
In a study of lead intoxication (8mg/kg b.wt. i.p. for 7 days), dopamine 
: level was found to be significantly reduced in cerebellum, brain stem and 
spinal cord (Jadhav and Ramesh, 1997; Cory-slechta, 1995) 5-HT 
I 
; (Serotonin) level was significantly reduced in cerebrum, cerebellum and brain 
; stem. Kala and Jadhav (1995) have reported decreased serotonin (5-HTi 
contents in rat brain following lead exposure. These findings show a regional 
heterogeneity in the levels of DA, NE and 5-HT. 
Changes in the levels of dopamine are known to be associated with 
certain motor dysfunctions (Hornkiewicz, 1966). Freed et. al., (1976) have 
shown a marked lowenng of the dopamine level of the corpus stnatum after 
mipafox toxicosis. Mustafa and Chandra (1971) reported that the levels of 
dopamine and norepinephnne significantly decreased in whole brain of the 
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rabbiFiri chronic manganese toxicity. The lowering of dopamine and 
norepinephnne in manganese toxicosis may be due to either blocking of the 
L-DOPA decarboxylase or L-tyrosine hydroxylase (Mustafa and Chandra, 
1971). In our study following lead administration the levels of dopamine and 
norepinephrine were significantly decreased. This is in agreement with the 
I number of studies reporting disturbances in dopamine (Govoni et. al., 1979, 
i 1980 and Dubas et. al., 1978) and decreased norepinephnne content 
i (Wysocka-Paruszewska and Beil-Baranowska, 1979) following lead 
: exposure A number of investigations (Schanberg and Giarman, 1962 ; 
Freedman et. al., 1970) have emphasized that these levels reflect the net 
result of number of component processes, perhaps either by increasing 
] synthesis or decreasing breakdown. 
A considerable body of anatomic, pharmacologic and neurophysiologic 
evidence links central serotonergic mechanisms to the regulation of such 
I diverse functions as sleep and body temperature as well as to the 
pathophysiology of human illness ranging from Schizophrenia to Parkinsonism 
(Chase, 1974). We have observed significant lowering of 5-HT concentration 
in cerebrum, cerebellum and brain stem following lead intoxication. Thallium 
(Hasan et. al., 1978), Cobalt (Hasan et. al., 1980) and Nickel (AM et. al , 
1978) have been reported to cause decrease in levels of dopamine, 
norepinephrine and serotonin .These results find a parallel in our observation, 
showing significant depletion of dopamine, norepinephrine and serotonin in 
different regions of rat brain following lead intoxication. 
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Following selenium intoxication dopamine and norepinephrine level 
were significantly increased in all the regions of the rat CNS (cerebrum, 
cerebellum, brain stem and spinal cord). This in agreement with findings of 
Imam et.al., (1999) showing prevention of depletion of dopamine (DA) and its 
metabolites by selenium. Serotonin level was significantly increased only in 
brain stem and spinal cord Following selenium intoxication in combination 
with lead, dopamine level was significantly increased in cerebrum, cerebellum 
and spinal cord. Norepinephrine level was significantly increased in cerebrum, 
cerebellum and brain stem. 5-HT levels were significantly increased in 
cerebrum, brain stem and spinal cord. The increase in biogenic amines levels 
may be correlated with decreased levels of monoamine oxidase observed in 
our study The decrease in the activity of this enzyme is a direct indication on 
the elevation of monoamines. This is also supported by the findings of 
Beeman and Matsumura (1973), showing enhancement of MAO led to 
depletion of monoamines and vice versa. 
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